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LETTER  TO  THE  SECRETARY, 


Office  XJ.  S.  Geological  and 

6EO0BAPHICAL  SUBVET  OF  THE  TEBBITOBIES, 

Waskinfftonj  January^  1878. 

SiB:  I  have  the  honor  to  transmit  for  publication  the  tenth  annaal 
report  of  the  geological  and  geographical  sarvey  under  my  direction, 
embracing  the  completion  of  the  work  known  as  the  survey  of  Colorado 
and  portions  of  adjacent  Territories.  The  systematic  field  investigation 
of  the  six  rectangles  which  are  included  in  what  is  called  the  Atlas  of 
Colorado  was  commenced  in  the  spring  of  1873,  and  closed  with  the 
season  of  1876.  These  six  sheets  embrace  an  area  of  ragged  mountainous 
eoantry  of  about  70,000  square  miles.  The  field-work  of  the  season  of 
of  1876  was  therefore  entirely  confined  to  the  completion  of  the  work  in 
Colorado,  and  thus  the  area  under  investigation  was  located  in  the 
interior  of  the  country,  far  remote  from  settlements,  and  among  hostile 
bands  of  Ute  Indians  that  attacked  three  of  the  parties  the  previous  year. 

The  point  of  departure  the  past  season  was  Cheyenne,  Wyo.  Two 
of  the  parties,  with  all  their  outfit,  were  transported  by  railroad  to 
Bawlins  Springs,  and  proceeded  thence  southward.  The  other  two 
were  sent  by  railroad  from  Cheyenne  southward,  one  party  to  Trinidad 
and  the  other  to  Cafion  City. 

The  primary  tiiangulation  party  was  placed  in  chal'ge  of  A.  D.  Wil- 
son, and  took  the  field  from  Trinidad,  the  southern  terminus  of  the 
Denver  and  Bio  Grande  Bailroad,  August  18,  making  the  first  station 
OD  Fisher's  Peak.  From  this  point  the  party  marched  by  the  valley  of 
the  Pnrgatoire,  crossed  the  Sangre  de  Cristo  range  by  way  of  Costilla 
Pass,  followed  the  west  base  of  the  range  northward  as  far  as  Fort  Gar- 
land, making  a  station  on  Culebra  Peak. 

About  six  miles  north  of  Fort  Garland  is  located  one  of  the  highest 
and  most  rugged  mountain  peaks  in  the  West,  called  Blanca  Peak,  the 
principal  summit  of  the  Bierra  Blanca  group.  On  the  morning  of 
AugoBt  28,  the  party,  with  a  pack-mule  to  transport  the  large  theod- 
olite, followed  up  a  long  spur  which  juts  out  to  the  south.  They  found 
no  difficulty  in  riding  to  timber  line,  which  is  here  about  12,000  feet 
skbove  sea-level.  At  this  point  they  were  compelled  to  leave  the  ani- 
mals, and,  distributing  the  instruments  among  the  different  members 
of  the  party,  proceeded  on  foot  up  the  loose,  rocky  slope  to  the  first 
OQtstanding  point,  from  which  a  view  could  be  obtained  of  the  main 
poak  of  the  range.  Although  this  first  point  is  only  600  feet  lower  than 
the  main  summit,  yet  the  most  arduous  portion  of  the  task  was  to  come. 
The  main  summit  is  about  two  miles  north  of  the  first  point,  in  a  straight 
line,  and  connected  with  it  by  a  very  sharp-toothed,  zigzag  ridge,  over 
^hich  it  is  most  diflBcnlt  to  travel,  on  account  of  the  very  loose  rocks 
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and  the  constant  fear  of  being  precipitated  down  on  either  side  several 
hnndred  feet  into  the  amphitheatres  below.  After  some  two  hours  of 
this  difficalt  climbing,  they  came  to  the  base  of  the  main  point,  which, 
though  very  steep,  was  soon  ascended,  and  at  11  o'clock  a.  m.  they 
found  themselves  on  the  very  summit.  From  this  point  one  of  the  moat 
magnificent  views  in  all  Colorado  was  spread  out  before  them.  The 
greater  portion  of  Colorado  and  New  Mexico  was  embraced  in  this  field 
of  vision.  This  point  is  the  highest  in  the  Sierra  Bianoa  group,  and,  so 
far  as  is  known  at  the  present  time,  is  the  highest  in  Colorado.  The 
elevation  of  this  point  was  determined  by  Mr.  Wilson  in  the  foUowiog 
manner:  First,  by  a  mean  of  eight  barometric  readings,  taken  synchro- 
nously with  those  at  Fort  Garland,  which  gave  a  difference  between  the 
two  points  of  6,466  feet;  secondly,  by  fore  and  back  angles  of  elevatioa 
and  depression,  which  gave  a  difl'erence  of  6,468  feet.  The  elevation  at 
the  fort  was  determined  by  a  series  of  barometric  readings,  which,  when 
compared  with  the  Signal  Service  barometer  at  Colorado  Springs,  gave 
it  an  elevation  of  7,997  feet,  making  the  Blanca  Peak  14,464  feet  above 
sea-level.  This  peak  may  be  regarded,  therefore,  as  the  highest,  or  at 
least  next  to  the  highest,  yet  known  in  the  United  States.  A  compari- 
son with  some  of  the  first-class  peaks  in  Colorado  will  show  the  relative 
height : 

Feet. 

Uuoouipabgre  Peak,  above  eea-level 14^235 

Blanca  Peak,  above  sea-level 14,464 

Moant  Harvard,  above  sea-level 14,384 

Gray's  Peak,  above  sea-level 14,341 

Mount  Lincoln,  above  sea-level 14,996 

Moaat  Wilson,  above  sea-level lA,26id 

Long's  Peak,  above  sea-level 14,^1 

Pike's  Peak,  above  sea-level 14, 14G 

The  foregoing  table  will  afford  some  conception  of  the  difficulty  en- 
countered in  determining  the  highest  peak  where  there  are  so  many 
that  are  nearly  of  the  same  elevation.  About  fifty  peaks  are  found 
within  the  limits  of  Colorado  that  exceed  14,000  feet  above  the  sea-level. 

From  this  point  the  party  proceeded  westward  across  the  San  Lais 
Valley  and  up  the  Bio  Grande  to  its  source,  making  two  primary  sta- 
tions on  the  way,  one  near  the  summit  district  and  the  other  on  the  Bio 
Grande  pyramid.  From  the  head  of  the  Bio  Grande  the  party  crossed 
the  continental  divide,  striking  the  Animas  Park,  and  thence  proceeded 
by  trail  to  Parrott  City. 

After  making  a  station  on  La  Plata  Peak,  the  party  marched  north- 
west across  the  broken  mesa  country  west  of  the  Dolores,  making  three 
stations  on  the  route  to  complete  a  small  piece  of  topography  that  had 
been  omitted  the  previous  year,  on  account  of  the  hostility  of  the  Ute 
Indians.  After  making  a  primary  station  on  the  highest  point  of  the 
Abajo  Mountains,  the  party  turned  eastward  to  Lone  Cone,  where  another 
station  was  made.    Thence,  crossing  the  Gunnison  and  Grand  Bivets, 


* 


LETTER   OF   THE   UEOLOGI8T.  XY 

tbey  proceeded  to  the  great  volcanic  plateaa  at  the  head  of  White  River. 
The  final  station  was  made  between  the  White  and  Yampah  Rivers,  in 
the  northwestern  comer  of  Colorado.  Daring  this  brief  season  Mr. 
Wilson  finished  abont  one  thousand  sqnare  miles  of  topography,  and 
nade  eleven  primary  geodetic  stations,  thas  connecting  together  by  a 
sjatem  of  primary  triangles  the  whole  of  Southern  and  Western  Colo- 
rado. 

In  company  with  the  triangulation  party,  Mr.  Holmes  made  a  hurried 
trip  through  Colorado,  touching  also  portions  of  I^ew  Mexico  and  Utah. 
He  was  unable  to  pay  much  attention  to  detailed  work,  but  had  an  ex- 
cdlent  opportunity  of  taking  a  general  view  of  the  two  great  plain-belts 
that  lie,  the  one  along  the  east,  the  other  along  the  west  base  of  the 
Becky  Monntains.  For  nearly  two  thousand  miles  travel  he  had  con- 
stantly in  view  the  Cretaceous  and  Tertiary  formations,  among  which 
are  involved  some  of  the  most  interesting  geological  questions.  He 
observed,  among  other  things,  the  great  persistency  of  the  various 
groaps  of  rocks  throughout  the  east,  west,  and  north,  and  especially  in 
the  west ;  that  from  Northern  New  Mexico  to  Southwest  Wyoming  the 
▼arioDs  members  of  the  Cretaceous  lie  in  almost  unbroken  belts. 

Between  the  east  and  the  west  there  is  only  one  great  incongruity. 
Along  the  east  base  of  the  mountains  the  Upper  Cretaceous  rocks,  in- 
dndiug  Nos.  4  and  5,  are  almost  wanting,  consisting  at  most  of  a  few 
handred  feet  of  shales  and  laminated  sandstones.  Along  the  west  base 
this  group  becomes  a  prominent  and  important  topographical  as  well  as 
geological  feature.  In  the  southwest,  where  it  forms  the  "  Mesa  Verde  " 
and  the  cap  of  the  Dolores  Plateau,  it  comprises  upward  of  two  thou- 
sand feet  of  coal-bearing  strata,  chiedy  sandstone,  while  in  the  north  it 
reaches  a  thickness  of  3,500  feet,  and  forms  the  gigantic  ^'  hogback  "  of 
the  Grand  Biver  Valley. 

While  in  the  sonthwest  he  visited  the  Sierra  Abajo,  a  small  group  of 
noantains,  which  lie  in  Eastern  Utah,  and  found,  as  he  had  previously 
Mnnised,  that  the  structure  was  identical  with  that  of  the  four  other 
iwlated  groups  that  lie  in  the  same  region.  A  mass  of  trachyte  has 
i>een  forced  up  through  fissures  in  the  sedimentary  rocks,  and  now  rests 
chiefly  upon  the  sandstones  and  shales  of  the  Lower  Cretaceous.  There 
^  a  considerable  amount  of  arching  of  the  sedimentary  rockr,  caused 
probably  by  the  intrusion  of  wedge-like  sheets  of  trachyte,  while  the 
broken  edges  of  the  beds  are  frequently,  but  abruptly,  pressed  up,  as  if  by 
the  upward  or  lateral  pressure  of  the  rising  mass.  He  was  able  to  make 
■Bany  additional  observations  on  the  geology  of  the  San  Juan  region, 
And  secured  much  valuable  material  for  the  coloring  of  the  final  map. 

He  states  that  the  northern  limit  of  ancient  cliff-builders  in  Colorado 
ited  Eastern  Utah  is  hardly  above  latitude  37^  45'. 

The  Orand  Biver  division  was  directed  by  Henry  Gannett,  topogra- 
pher, with  Dr.  A.  0.  Peale  as  geologist.  James  Stevenson,  executive 
<Mlcer  of  the  survey,  accompanied  this  division  for  the  purpose  of  assist- 
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iog  in  tbe  management  of  the  Indians,  wbo  last  year  prevented  the  com- 
pletion of  the  work  in  their  locality  by  their  hostility. 

The  work  assigned  this  division  consisted  in  part  of  a  small  area,  con- 
taining about  1,000  sqaare  miles,  lying  south  of  tbe  Sierra  la  Sal.  The 
greater  portion  of  the  work  of  this  division  lay  north  of  the  Grand  Biver^ 
limited  on  the  north  by  the  parallel  of  39^  30^,  and  included  between  the 
meridian  of  108o  and  109^  30^ 

This  division  took  tbe  field  at  Cafion  City,  Colo.,  about  the  middle  of 
August.  The  party  traveled  nearly  west  up  the  Arkansas  Biver,  over 
Marshall's  Pass  and  down  the  Tomichi  and  Gunnison  Bivers  to  the  ITd- 
compahgre  (Ute)  Indian  agency.  Here  they  secured  the  services  of  sev- 
eral Indians  as  escort  in  the  somewhat  dangerous  country  which  they 
were  first  to  survey.  This  area,  lying  south  of  Sierra  la  Sal,  was  worked 
without  difficulty.  It  is  a  broken  plateau  country,  and  presents  many 
extremely  curious  pieces  of  topography.  Eleven  days  were  occupied  in 
this  work. 

The  Grand  Biver,  from  the  mouth  of  the  Gunnison  Biver  to  that  of  the 
Dolores,  i  ^.,  for  nearly  100  miles,  fiows  along  the  southern  edge  of  a 
broad  valley,  much  of  the  way  being  in  a  low  caiion,  100  to  200  feet  deep. 
The  course  of  the  river  is  first  northwest  for  25  miles ;  then,  turning 
abruptly,  it  flows  southwest,  and  then  south,  for  about  75  miles.  This 
valley  has  an  average  width  of  12  miles.  It  is  limited  on  the  north  and 
west  by  the  ^'Boan  or  Book  Cliflfs,"  and  their  foot-hills,  which  follow  tbe 
general  course  of  the  river.  These  cliffs  rise  from  the  valley  in  a  sac- 
cession  of  steps  to  a  height  of  about  4,000  feet  above  it,  or  8,000  to  8.500 
feet  above  the  sea. 

From  its  crest  this  plateau  (for  the  Book  Cliffs  are  but  the  southern 
escarpment  of  a  plateau)  slopes  to  the  north-northeast  at  an  angle  of  not 
more  than  five  degrees.  It  extends  from  the  Wahsatch  Mountains  on 
the  west  to  the  foot-hills  of  the  Park  range  on  the  east,  and  presents 
everywhere  the  same  characteristics.  The  Green  Biver  crosses  it,  fiow- 
ing  in  a  direction  exactly  the  reverse  of  the  dip.  It  borders  the  Grand 
on  the  north  for  100  miles,  the  crest  forming  the  divide  between  the 
Grand  and  the  White.  On  the  south  side  of  the  crest  are  broken  cliffs ; 
on  the  north  side,  the  branches  of  the  White  canon  immediately.  This 
leaves  the  divide  in  many  places  very  narrow,  in  some  cases  not  more 
than  30  to  40  feet  wide,  with  a  vertical  descent  on  the  south  toward  the 
Grand  Biver,  and  an  extremely  steep  earth-slope  {So^  in  many  cases)  at 
the  heads  of  the  streams  flowing  north  to  the  White  Biver.  This  crest, 
though  not  over  8,500  feet  in  height,  is  the  highest  land  for  a  long  dis- 
tance in  every  direction. 

After  leaving  the  Uncompahgre  agency,  the  party  followed  Gunni- 
son's Salt  Lake  road  to  the  Grand  and  down  that  river  to  the  mouth  of 
the  Dolores,  in  latitude  38^  50",  longitude  109^  17'.  At  this  point  they 
turned  northward,  and  went  up  to  the  crest  of  the  Book  plateau.  They 
followed  the  crest  to  the  eastward  for  upward  of  100  miles,  or  to  longi- 
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tade  108^  15' ;  then  descended  to  the  Grand  and  followed  it  up  to  longi- 
tude 107^  35^,  and  thence  via  the  White  Elver  (Ute)  Indian  agency  to 
Bawlins,  where  they  arrived  on  October  23. 

The  whole  area  worked  is  about  3,500  square  miles,  in  surveying  which 
about  sixty  stations  were  made. 

The  geological  work  of  this  division,  by  Dr.  Peale,  connects  directly 
with  that  done  by  him  in  1874  and  1875.  Sedimentary  formations  pre- 
vail in  both  districts  visited  during  the  past  season. 

The  coantry  first  examined  lies  between  the  San  Miguel  and  Dolores 
Btvers,  extending  northward  and  northwestward  from  Lone  Cone 
Mountain.  The  general  character  of  this  region  is  that  of  a  plateau  cut 
bj  deep  gorges  or  canons,  some  of  which,  especially  toward  the  north, 
extend  from  the  sandstones  of  the  Dakota  group  to  the  top  of  the  Bed 
Beds.  The  depth  of  the  caiion,  however,  is  no  indication  of  its  impor- 
tance as  a  stream-bed,  for,  excepting  the  main  streams,  it  is  dry  the 
greater  portion  of  the  year.  There  are  not  great  disturbances  of  the 
strata,  what  folds  do  occur  being  broad  and  comparatively  gentle. 

The  San  Miguel  Biver,  on  leaving  the  San  Juan  Mountains,  flows 
toward  the  northwest,  and,  with  its  tributaries,  cuts  through  the  sand- 
stones of  the  Dakota  group,  exposing  the  variegated  beds  lying  beneath, 
that  have  generally  been  referred  to  the  Jurassic.  About  25  or  30  miles 
north  of  Lone  Cone,  the  river  turns  abruptly  to  the  west  and  flows  west 
and  southwest  for  about  15  miles,  when  it  again  turns  and  flows  gener- 
ally northwest,  until  it  joins  the  Dolores.  Between  the  San  Miguel  and 
Lone  Gone  the  sandstones  of  the  Dakota  group,  or  No.  1  Cretaceous, 
are  nearly  horizontal,  forming  a  plateau  which,  on  approaching  the 
mountains,  has  a  cropping  of  Cretaceous  shales. 

Beyond  the  bend,  the  San  Miguel  flows  in  a  monoclinal  valley,  in 
which  the  caiion  walls  are  of  the  same  description  as  in  the  upper  part 
of  its  course.  As  the  mouth  is  approached,  the  Bed  Beds  appear. 
Between  this  portion  of  the  course  of  the  San  Miguel  and  the  almost 
parallel  course  of  the  Dolores,  which  is  in  a  similar  monoclinal  rift,  there 
are  two  anticlinal  and  two  synclinal  valleys  parallel  to  each  otheiv 
They  are  all  occupied  by  branches  of  the  Dolores.  Lower  Cretaceous, 
Jurassic,  and  Triassic  strata  outcrop,  and  present  some  interesting  geo- 
logical details,  which  will  be  fully  considered  in  the  report  on  the  district. 
The  Dolores  Biver  comes  from  a  high  plateau  in  a  zigzag  course,  flowing 
sometimes  with  the  strike,  and  sometimes  with  the  dip  of  the  strata. 
Its  general  course  on  the  western  line  is  about  northwest,  from  which  it 
turns  to  the  northward  and  westward.  Anally  changing  to  northwest 
again,  to  its  junction  with  the  Grand.  It  is  in  caiion  the  greater  part  of 
its  coarse. 

In  the  region  of  country  north  of  Grand  Biver,  the  geological  forma- 
tions extend  uninterruptedly  from  the  Bed  Beds  exposed  on  Grand 
Biver  to  the  white  Tertiary  cliffs  forming  the  summit  of  the  '^  Boan 
Hoontains,"  or  Book  Cliffs.    The  Grand  is  generally  in  a  caiion  in  the 
n  a 
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Ued  Beds ;  on  the  north  side  the  TSo.  1  Cretaceons  sandstone  forms  a 
hogback,  sloping  toward  the  cliffs.  Between  the  crest  of  this  hogback 
and  the  cliffs  there  is  a  broad  valley  formed  by  the  erosion  of  the  soft 
Cretaceons  shales  which  extend  to  the  base  of  the  cliffs,  and  in  some 
places  form  their  lower  portion.  The  cliffs  are  composed  mainly  of 
Cretaceous  beds,  rising  one  above  another  in  steps  until  an  elevation  of 
about  8,000  feet  is  reached.  The  summit  is  the  edge  of  a  plateau  slop- 
ing to  N.  N.  E.  This  plateau  is  cut  by  the  drainage  flowing  into  the 
White  River  from  the  south.  These  streams  rarely  cut  through  the 
Tertiary  series. 

Coal  of  poor  quality  is  found  in  the  sandstones  of  the  Dakota  group, 
and  also  in  the  sandstones  above  the  Middle  Cretaceous  beds.  Wher- 
ever noticed  it  was  in  their  seams,  and  of  little  economic  importance. 

The  White  River  division  was  directed  by  G.  B.  Chittenden,  as  topog- 
rapher, accompanied  by  F.  M.  Endlich,  as  geologist. 

The  district  assigned  to  this  party  as  their  field  for  exploration  during 
the  season  of  1876,  commenced  on  the  eastward  at  longitude  107^  30^ 
joining  on  to  the  work  previously  done,  and  extended  westward  30  miles 
into  Utah  Territory.  Its  southern  boundary  was  N.  latitude  39°  38', 
while  the  White  River  formed  the  northern  limit.  In  order  to  complete 
to  the  greatest  possible  advantage  in  the  short  time  that  could  be  al- 
lowed, it  was  determined  to  make  the  White  River  agency  headquarters, 
and  in  two  trips  from  there  finish  the  work.  About  3,800  square  miles 
comprised  the  area  surveyed. 

In  working  up  the  topography  of  this  district  the  party  spent  48  days 
of  absolute  field-work,  made  41  main  topographical  stations  and  16  auxil- 
iary ones,  and  traveled  within  the  district  about  1,000  miles.  The  party 
ascertained  the  courses  of  all  the  main  trails,  the  location  and  quality  of 
almost  all  the  water,  which  is  scanty  throughout,  and  can  map  with  con- 
siderable accuracy  the  topographical  forms  and  all  the  water-courses. 
The  area  is  almost  entirely  devoid  of  topographical  "  points,"  and  the 
topographer  is  obliged  to  depend  to  a  considerable  degree  on  those  far 
to  the  north  and  south  for  the  triangulation.  The  country  has  hereto- 
fore been  almost  entirely  unexplored,  and  was  described  by  the  nearest 
settlers  as  a  broken  canon  country,  extremely  dry.  It  was  marked  on 
the  maps  as  a  high,  undulating  plateau,  with  fresh-water  lakes  and 
timber.  The  party  saw  no  lakes  of  more  than  400  yards  in  diameter, 
and  only  two  or  three  of  these.  The  country  is  nearly  all  inhabitable, 
both  winter  and  summer,  and  considerable  portions  of  it  valuable;  and 
though  three-quarters  of  it  is  within  the  Ute  Indian  reservation,  the 
advantage  of  a  more  accurate  knowledge  of  its  character  can  readily 
be  seen. 

While  working  in  the  low,  broken  country  of  southwestern  Colorado, 
last  year,  Mr.  Chittenden  made  use  of  a  light,  portable  plane-table,  and 
found  it  of  great  value.  It  appeared  at  that  time  that  its  value  was 
greatest  in  that  class  of  country,  and  that  in  a  low,  rolling  district,  with 
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few  promioeut  points,  or  in  a  high  moantain  country,  it  would  probably 
be  of  little  or  no  use.  Altitudes  were  determined  by  the  mercurial  ba- 
rometer, with  a  base  at  the  White  River  Indian  agency,  and  checked  by 
acoutitjuons  system  of  vertical  angles.  The  altitude  of  the  agency  has 
been  determined  by  a  series  of  barometric  observations  extending  over 
two  years  and  a  half,  and  referred  to  railroad  levels,  and  can  probably 
be  depended  on  to  within  a  few  feet.  The  altitude  of  the  agency  being 
aboat  6,500  feet,  and  the  altitudes  in  the  district  ranging  from  5,000  to 
8,000  feet,  makes  its  location  the  best  possible  in  height  for  a  barometric 
survey  of  the  region. 

It  is  the  intention  of  the  survey,  during  the  coming  year,  to  publish 
some  tabulated  results  of  the  barometric  work  in  Colorado,  showing  the 
Bjstem  and  its  accuracy  and  reliability.  This  may  be  of  use  in  future 
work,  since  the  topography  of  the  whole  west  must  greatly  depend  on 
barometric  determinations  of  altitude,  and  Colorado  has  furnished  almost 
every  possible  phase  of  western  topography. 

The  longest  dimension  of  the  work  lying  east  and  west,  and  the  White 
and  Grand  Rivers  running  in  approximately  parallel  courses,  the  dis- 
trict stretched  from  the  White  River  up  over  the  divide  between  the 
Grand  and  White,  and  embraced  the  heads  of  the  lateral  drainage  of 
the  former  river. 

The  general  topography  is  a  gentle  rise  from  the  White  River  toward 
the  south,  and  a  sudden  breaking  off  when  the  divide  is  reached  into 
ragged  and  often  impassable  cliffs,  known  on  the  maps  as  the  Roan  or 
Book  Mountains.  The  gentle  plateau  slope  of  the  White  River  side  is 
cot  by  almost  numberless  and  often  deep  cailons,  and  in  many  cases  the 
sarface  of  the  country  has  been  eroded  away,  leaving  broken  and  most 
picturesque  forms,  the  lower  benches  generally  covered  with  cedars  and 
pinoDs,  and  the  upper  rich  in  grass. 

There  are  four  main  screams  draining  into  the  White  River  within  the 
limits  of  our  work — a  distanceof  something  over  100  miles.  The  eastern- 
most is  a  large  running  stream ;  the  second,  though  tolerably  good  water 
may  be  found  in  pools  in  its  bed,  carries  in  the  summer  no  running 
water  for  the  greater  part  of  its  course ;  the  third  has  for  most  of  its 
length  a  trickling  stream  of  the  bitterest  of  alkali  water,  while  the  fourth 
and  westernmost  one  is  perfectly  dry  for  some  twenty-five  miles  from  its 
moatb,  and  then  forks,  one  branch  containing  pure,  sweet  water  in  pools, 
the  other  a  running  stream  of  bitter  alkali.  All  of  these  streams  have 
more  or  less  good  water  at  their  heads.  The  party  traveled  nearly  the 
whole  length  of  all  these  water-courses,  but  found  good  trails  only  in 
the  two  middle  ones.  Trails,  which  traverse  the  whole  district  in  every 
possible  direction,  keep  mostly  on  the  summits  of  the  ridges  and  plateaus, 
and  by  taking  care  not  to  cross  the  canons,  the  country  is  very  easily 
traveled  through. 

The  country  is  almost  entirely  destitute  of  timber,  and  has  but  little 
good  water.    It  is,  however,  abundantly  supplied  with  grass,  and,  espe* 
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cially  in  the  winter  season,  mast  be  well  stocked  with  game.  It  seems 
well  adapted  to  its  present  use  as  an  Indian  reservation,  and  is  likely  to 
remain  for  years  to  come  more  valuable  for  the  Indians  than  it  could 
be  for  settlement. 

In  the  far  western  portion,  and  outside  the  limits  of  the  reservation, 
one  large  vein  of  asphaltum  and  several  small  veins  were  found,  and  also 
running  springs  of  the  same  material,  all  of  which,  if  once  reached  by 
railroads,  will  prove  of  great  commercial  value.  These  deposits  have 
been  spoken  of  before,  but  their  location  has  not  been  accurately  de- 
termined. The  principal  vein  seen  by  this  party  is  at  present  about  one 
hundred  miles  from  railroad  communication,  but  less  than  half  that  dis- 
tance from  white  settlement,  and  is  likely  in  the  present  rapid  growth 
of  that  country  to  be  within  a  few  years  made  available. 

According  to  the  report  of  F.  M.  Endlich,  the  geology  of  this  district  is 
very  simple,  though  interesting.  Inasmuch  as  but  one  divide  of  impor- 
tance occurred  within  the  district,  the  work  was  somewhat  simplified. 
This  was  formed  by  the  Book  Cliffs,  between  the  drainages  of  the  Grand 
on  the  south  and  the  White  on  the  north.  Both  these  rivers  flow,  a  lit- 
tle south  of  west,  into  Green  Biver,  which  they  join  in  Utah.  From  the 
junction  of  the  Grand  and  Green  downward  the  river  is  called  the  Great 
Colorado.  Orographically,  the  region  surveyed  is  comparatively  sim- 
ple. The  Book  Cliffs  are  the  summit  of  a  plateau  about  8,000  feet  above 
sea<level,  continuing  unbroken  over  to  the  Green  Biver.  Toward  the 
south  these  cliffs  fall  off  very  steeply,  forming  deep  canons  that  contain 
tributaries  of  the  Grand  Biver.  On  the  north  side,  with  the  dip  of  the 
strata,  the  slope  is  more  gentle,  although,  in  consequence  of  erosion, 
numerous  precipitous  cliffs  are  found.  Descending  in  that  direction,  the 
character  of  the  country  changes.  Instead  of  an  unbroken  slope,  we 
find  that  the  plateau  has  been  cut  parallel  by  the  White  Biver  drainage, 
and  the  long,  characteristic  mesas  of  that  region  testify  to  the  action  of 
erosion.  Approaching  the  river,  constantly  descending  with  the  slight 
dip  of  the  strata,  the  bluffs  become  lower  and  lower.  Though  the  creek- 
valleys  are  wide,  and  at  certain  seasons  no  doubt  well  watered^  the  veg- 
etation is  that  of  an  arid  country.  Dwarf  pines,  piiions,  and  sage-brush 
abound,  to  the  almost  entire  exclusion  of  other  trees  or  grass.  Travel- 
ing down  White  Biver,  this  character  is  again  found  to  change.  A  new 
series  of  bluffs,  occasioned  by  heavy,  superincumbent  strata,  gives  rise 
to  the  formation  of  deep  canons.  For  forty-five  miles  the  party  followed 
the  cafion  of  the  White,  that,  no  donbt,  is  analogous  to  that  of  the  Green, 
and  probably  closely  resembles  that  of  the  Colorado  in  its  detail  features. 
Vertical  walls  inclose  the  narrow  river-bottoms,  and  the  slopes  of  the 
higher  portions  are  ornamented  by  thousands  of  curiously-eroded  rocks. 
'^  Monuments  "  of  all  kinds,  and  figures  that  can  readily  be  compared 
to  those  of  animated  beings,  enliven  the  scenery,  which  otherwise  would 
be  very  monotonous;  2,000-3,000  feet  may  be  stated  as  the  height  of  the 
walls  inclosing  the  White  Biver. 
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Geologically  speaking,  the  district  was  one  of  singular  aniformity. 
Traveling  westward,  the  older  formations  reaching  back  as  far  as  the 
Triassic,  were  found.  This  was  followed  by  Cretaceous,  which  in  turn 
was  covered  by  Tertiary.  About  three-quarters  of  the  region  surveyed 
was  found  to  contain  bedB  belonging  to  this  period.  Owing  to  the  lith- 
ological  character  of  the  strata,  water  was  a  rare  luxury  in  this  region, 
and  men  and  animals  were  frequently  dependent  upon  looking  for  springs. 
Farther  west  still  the  Green  Biver  group  sets  in,  forming  those  numer- 
ous canons  of  whieh  that  of  the  White  Biver  is  one. 

Having  completed  their  work  by  October  14,  the  party  marched 
eastward  through  Middle  Park,  and  after  twelve  days  of  rain  and  snow 
reached  Boalder  City,  Qolo. 

The  field-work  of  the  Yampah  division  during  the  past  season  was 
principally  confined  to  a  district  of  Northeastern  Colorado,  lying  between 
the  Yampab  and  White  Bivers,  and  between  Green  Biver  and  the  sub- 
ordinate range  of  mountains  that  lies  west  of  and  parallel  with  the  Park 
range.  The  area  is  embraced  between  parallels  39^  3(K  and  4(P  30', 
and  meridian  107^  3(K  and  lOOo  30'. 

The  party  consisted  of  Mr.  G.  B.  Beohler,  topographer,  directing,  ac- 
companied by  Dr.  C.  A.  White,  the  well-known  geologist.  They  pro- 
ceeded fioathward  from  Bawlins  Springs,  a  station  on  the  Union  Pacific 
Bailroad,  Acgost  G,  toward  their  field  of  labor.  From  Bawlins  Springs 
to  Snake  Biver,  a  distance  of  eighty  miles,  table-lands  form  the  chief 
featore  of  the  topography,  while  from  Snake  Biver  to  the  Tampah  Biver 
the  sarfaee  is  more  undulating  and  thickly  covered  with  sage.  Between 
the  Yampah  and  White  Bivers,  a  distance  of  fifty  miles,  the  country  is 
nieantakiooB,  and  on  the  divide  between  the  Yampah  and  White  Bivers 
the  elevation  is  8,000--9,0e0  feet  Mr.  Bechler,  after  having  formed  the 
geodetic  eonnection  with  the  work  of  previous  years,  concluded  to  finish 
the  more  mountainous  portion  of  the  area  assigned  to  him,  which  be- 
gan from  a  line  of  meridian  wit^  the  White  Biver  agency,  and  extended 
westward  to  aboat  108o  10^  Here  the  party  found  water  and  grass  in 
abandance,  with  one  exception.  The  plateau  country,  however,  was  so 
destitute  of  water  and  so  cut  up  with  dry  gorges  or  canons,  with  scarcely 
^y  grass  or  timber  of  any  kind,  that  traveling  was  rendered  very  diffi- 
cult The  party  therefore  made  White  Biver  its  base  of  supply  for 
water  and  grass,  making  side  trips  into  the  barren  hill-tops  or  plateaus 
in  every  direction. 

From  the  Ute  agency,  which  is  located  approximately  in  latitude  38^ 
^  and  longitude  107  ^  48',  the  White  Biver  takes  an  almost  due  west 
coarae  for  15  or  18  miles,  most  of  the  way  through  an  open  valley,  with 
h^ie  and  there  narrow  gorges.  About  50  miles  from  the  agency  the 
fiver  opens  into  a  broad,  barren  valley,  with  only  here  and  there  scanty 
patches  of  vegetation.  Soon  after  the  river  enters  a  deep  caiion,  with 
vertical  walls  2,000  feet  or  more  in  height,  and  continues  to  increase  in 
d^pth  until  the  river  flows  into  the  Colorado  of  the  West. 
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The  Yampab  or  Bear  River  deviates  from  a  westerly  course  only  for  a 
few  miles  occasionally.    Like  White  Eiver,  it  flows  through  a  plateau 
coantry,  which  rises  gently  from  the  river  back  for  a  distance  of  about 
eight  miles.    South  of  the  river  lie  the  Williams  Biver  Mountains,  which 
have  a  gradual  slope  to  the  north.   Williams  Fork,  flowing  from  a  south- 
eastern direction,  joins  the  Yampah  River  west  of  the  junction.    The 
Yampah  traverses  the  country  more  or  less  in  a  caiion,  occasionally  emerg- 
ing into  an  open,  grassy  valley,  then  enters  a  deep  caiion,  cuts  through 
the  Yampah  Mountains,  when  it  joins  with  the  Snake  Eiver.   The  place 
of  junction  resembles  a  fine  park,  surrounded  on  all  sides  with  eroded 
terraces  and  plateau  spurs  that  rise  by  steps  to  the  divide  on  either  side. 
This  park  is  about  eight  miles  in  length  from  east  to  west.    After  leav- 
ing this  park  the  river  enters  a  huge  fissure  in  the  mountains,  where  it 
remains  until,  completing  its  zigzag  course,  it  joins  the  Green  Biver  in 
longitude  109^  40'  and  latitude  32<=>.    After  the  junction  with  the  Yam- 
pah, the  Green  Biver  continues  in  a  canon  for  fourteen  miles,  where  it 
passes  through  the  picturesque  palisades  of  Split  Mountain  into  an  open, 
broad  valley,  longitude  109°  15',  latitude  ^(P  28',  from  which  point  it 
fakes  a  southwest  direction  through  the  Wamsitta  Valley,  where   it 
unites  with  the  White  Biver.    Into  both  White  and  Yampah  Bivers  nu- 
merous branches  extend  from  either  side,  forming  deep  caiions  the 
greater  portion  of  their  length.    We  may  say,  in  brief,  that  the  sides 
of  the  valleys  expand  and  contract,  at  one  time  forming  the  beautiful 
grassy  valleys  which  in  olden  times  were  celebrated  as  the  favorite  win- 
tering places  for  the  trappers,  or  contraotiBg  so  as  to  form  narrow 
caiions  or  gorges  with  walls  of  varied  height 

The  walls  of  Yampah  Caiion  average  1,000  feet,  while  the  mountains, 
receding  back  to  the  northward,  attain  an  elevation  of  4,200  feet,  while 
the  highest  point  of  the  plateau  on  the  south  side  is  3,400  feet  above  the 
river-level. 

Of  the  plateaus  between  White  and  Yampah  Bivers,  Yampah  pla- 
teau is  the  largest,  and  occupies  an  area  of  400  square  miles.  The  sur- 
face of  the  summit  is  undulating,  and  on  the  south  side  it  presents  a 
steep  face,  several  hundred  feet  in  height,  covered  with  d6bris,  render- 
ing it  almost  inaccessible.  This  plateau  is  covered  with  excellent  grass, 
and  gives  origin  to  numerous  springs^  all  of  which  dry  up  within  a  short 
distance  of  their  source. 

As  a  whole,  this  district  is  very  arid,  barren,  and  almost  destitute  of 
tree  vegetation. 

The  total  number  of  stations  made  by  Mr.  Bechler  in  the  district  as- 
signed to  him  was  40,  and  the  entire  area  was  about  3,000  square  miles. 
Barometric  observations  were  made  whenever  needed,  and  about  2,000 
angles  of  elevation  and  depression,  with  fore  and  back  sights,  so  that 
material  for  obtaining  correct  altitudes  is  abundant. 

The  rocks  of  this  district  embrace  all  the  sedimentary  formations  yet 
recognized  by  the  investigators  who  have  studied  the  region  that  lies 
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between  the  Park  range  and  the  Great  Salt  Lake,  namely,  from  the 
Uinta  quartzite  (which  underlies  the  Carboniferous)  to  the  Brown's  Park 
groap,  or  latest  Tertiary,  inclusive.  Kot  only  has  the  geographical  dis- 
tribution of  these  formations  been  mapped,  but  all  the  displacements  of 
the  strata  have  been  traced  and  delineated.  The  last-named  investiga- 
tions bring  out  some  interesting  and  important  facts  in  relation  to  the 
orographic  geology  of  the  region,  especially  as  regards  the  eastern  ter- 
mination of  the  great  Uinta  uplift  and  the  blending  of  its  vanishing  pri- 
mary and  accessory  displacements  with  those  of  the  north  and  south 
range  above  mentioned.  Much  information  was  also  obtained  concern- 
ing the  distribution  of  the  local  drift  of  that  region,  the  extent  and  geo- 
logical date  of  outflow  of  trap,  &c. 

The  brackish-water  beds  at  the  base  of  the  Tertiary  series,  containing 
the  characteristic  fossils,  were  discovered  in  the  valley  of  the  Yampah. 
They  are  thus  shown  to  be  exactly  equivalent  with  those,  now  so  well 
known,  in  the  valley  of  Bitter  Greek,  Wyoming  Territory.  These  last- 
named  localities  were  also  visited  at  the  close  of  the  season's  work,  and 
from  the  strata  of  this  horizon  at  Black  Buttes  station  three  new  species 
of  Unio  were  obtained,  making  six  clearly  distinct  species  in  all  that 
have  been  obtained,  associated  together  in  one  stratum  at  that  locality. 
They  are  all  of  either  distinctively  American  types  or  closely  related  to 
species  now  living  in  American  fresh  waters.  They  represent  by  their 
affinities  the  following  living  species :  Unio  clavuSy  Lamarck ;  U.  aecuriSf 
lea ;  U,  gibbogus^  Barnes }  U.  metanearusj  Bafinesque ;  and  U,  complan- 
o^itf,  Solander.  They  are  associated  in  the  same  stratum  with  species 
of  the  genera  CorbulOy  Carbicuiay  Neritinaj  Viriparusj  &c.,  and  which 
stratam  alternates  with  layers  containing  Ostrea  and  Anoniia. 

The  close  affinity  of  these  fossil  Unios  with  species  now  living  in  the 
Uississippi  Biver  and  its  tributaries  seems  plainly  suggestive  of  the 
iact  that  they  represent  the  ancestry  of  the  living  ones.  An  interesting 
series  of  facts  has  also  been  collected,  showing  that  some  of  the  so-called 
American  types  of  Unio  were  introduced  in  what  is  now  the  great  Bocky 
Mountain  region  as  early  as  the  Jurassic  period,  and  that  their  differen- 
tiation had  become  great  and  clearly  defined  as  early  as  late  Cretaceous 
and  early  Tertiary  times.  Other  observations  suggest  the  probable  lines 
of  geographical  distribution  during  the  late  geological  periods  of  their 
evolutional  descent,  by  one  or  more  of  which  they  have  probably  reached 
the  Mississippi  Biver  system  and  culminated  in  the  numerous  and  diverse 
forms  that  now  exist  there. 

The  work  of  the  season  of  1876  shows  very  clearly  the  harmonious  rela- 
tions of  the  various  groups  of  strata  over  vast  areas,  that  although  there 
may  be  a  thickening  or  a  thinning  out  of  beds  at  different  points,  they 
can  all  be  correlated  from  the  Missouri  Biver  to  the  Bierra  Nevada  ba- 
sin. The  fact,  also,  that  there  is  no  physical  or  paleontological  break  in 
these  groups  over  large  areas  from  the  Cretaceous  to  the  Middle  Tertiary 
is  fully  established.  The  transition  from  marine  to  brackish  water  forms 
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of  life  commeDces  at  the  close  of  the  Cretaceous  epoch,  and,  vithoat  any 
line  of  separation  that  can  yet  be  detected,  continaes  on  upward  until 
only  purely  fresh-water  forms  are  to  be  found.  Dr.  White,  an  eminent 
paleontologist  and  geologist,  says  that  the  line  must  be  drawn  some- 
where between  the  Cretaceous  and  Tertiary  epochs,  but  that  it  will  be 
strictly  arbitrary,  as  there  is  no  well-marked  physical  break  to  the  sum- 
mit of  the  Bridger  group. 

If,  however,  a  well  defined  nonconformity  is  found  to  exist  it  will  be 
examined  with  great  care  and  its  proper  value  given,  but  up  to  the  pres- 
ent time  the  views  as  stated  above  are  sustained  by  the  facts,  so  far  as 
the  investigations  by  this  survey  have  extended. 

Excellent  progress  has  been  made  in  the  report  on  the  general  geol- 
ogy of  the  country  west  of  the  94th  meridian.  It  is  the  intention  of  the 
survey  to  discuss  the  geology  of  the  portions  of  the  West  which  have  been 
reported  upon  either  by  the  parties  under  my  charge  or  by  others.  It  is 
believed  that  there  is  a  remarkable  unity  in  the  geological  structure  of  the 
entire  area;  that  although  formations  of  the  same  age  have  received  a 
great  variety  of  local  names,  they  will  be  so  correlated  that  a  single  sys- 
tem of  classification  will  include  them  all.  As  an  illustration  the  pliocene 
lake  basins  which  have  received  a  variety  of  names,  as  Loup  Fork, 
North  Park,  Uintad  Group,  Brown's  Park,  Humboldt  Group,  may  all 
be  brought  under  one  generic  term  and  into  one  geological  horizson. 
The  Cretaceous  divisions  which  are  so  well  marked  in  the  Northwest, 
and  have  already  received  suitable  geographical  names,  can  be  extended 
to  the  Pacific  Coast,  and  all  the  fragments  be  brought  into  one  group 
or  another.  I  had  intended  to  publish  several  chapters  on  this  subject 
in  this  report,  but  the  pressure  of  other  duties  prevented  their  comple- 
tion in  time. 

In  order  to  show  the  unity  more  perfectly  a  map  of  the  country  west 
of  the  04th  meridian  has  been  prepared,  dividing  the  area  into  twenty- 
two  rectangles,  each  of  which  on  a  scale  of  twelve  miles  to  one  inch  will 
form  a  map  of  the  size  of  the  "  General  Geological  Map  ^  in  the  "  Atlas 
of  Colorado."  It  is  believed  that  in  no  other  way  can  a  systematic  idea 
of  the  geology  as  well  as  the  geography  be  obtained. 

The  relation  of  the  topographical  surveys  to  the  general  system  of 
public  land  surveys  is  important,  and  the  economic  resources  have 
always  been  a  leading  feature  in  our  plans.  The  following  paragraphs 
from  the  letter  of  instructions  of  the  Secretary  of  the  Interior  show  the 
importance  attached  by  the  department  to  these  features : 

In  the  prosecntion  of  yonr  sarveys  yon  will,  when  necessary,  consult  snob  public  land 
surveys  as  bave  been  made  under  this  department,  in  the  field  of  your  work,  for  the 
purpose  of  connecting  the  established  lines  with  yonr  system  of  triangnlation,  and  of 
aconrately  designating  on  yonr  maps  the  position  of  mineral  claims.  Yon  wUl  deter- 
mine as  far  as  possible  the  boundaries  of  Territories  and  Indian  reservations,  and  mark 
the  same  by  suitable  monuments.  You  will  also  ascertain  the  position  of  all  agricul- 
tural lands,  and  of  such  mineral  lands  as  you  may  discover,  by  trigonometrical  meaa. 
nrements,  placing  suitable  monuments  thereon  for  the  gnidance  of  the  surveyors-gen- 
eral of  the  several  districts  which  may  be  explored  by  you. 
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It  will  be  borne  in  mind  that  the  ultimate  deaign  to  be  accomplished  by  these  ear- 
TCTs  is  the  preparation  of  suitable  maps  of  the  country  surveyed  for  the  use  of  the 
goTemment  and  of  the  natioD^  which  will  afford  fall  information  concerning  the  agri- 
ccltural  and  mineral  resources,  and  other  important  characteristics  of  the  unexplored 
regions  of  our  Territorial  domain.  To  this  end,  a  general  plan  for  mapping  the  area 
of  year  surrey  should  be  followed.  Such  a  plan  was  adopted  by  this  department  last 
year,  and  aoeonpanied  your  instructions  for  that  year.  You  will  continue  to  conform 
to  said  plan,  and  will  make  such  scientific  observations,  touching  the  geology,  geo- 
graphy, mineralogy,  and  meteorology  of  the  country  surveyed  by  you,  as  may  be  neces- 
sary for  the  preparation  of  such  maps.  In  addition  thereto,  you  will  obtain  the  neces- 
sary infonnation  for  the  preparation  of  charts,  upon  which  shall  be  indicated  the  areas 
of  gCBtt,  timber,  and  mineral  lands,  and  such  other  portions  of  the  country  surveyed 
as  may  be  susoeptiUe  of  eultivation  by  means  of  irrigation ;  and  will  ascertain  and 
r^ort  Qpon  the  best  methods  for  accomplishing  this  result. 

The  eeonomic  map  in  the  ^^  Atlas  of  Colorado '^  presents  an  example 
of  the  minateness  of  detail  with  which  the  eoonomic  featares  of  a  eoan- 
tcy  may  be  laid  down  on  a  chart.  This  map,  eoveriag  an  area  of  over 
1(M,060  sqoare  miles,  shows  with  remarkable  clearness,  by  means  of 
colors,  the  agricoltoral  and  pastoral  lands,  the  pine  and  other  forests, 
the  barren  lands,  and  those  above  timber4ine— «11  the  valuable  mineral 
deposits,  as  ooal^  silver,  and  gold.  An  ezeeUent  article  on  the  economic 
resomees  of  Colorado,  by  Mr.  Gannett,  is  embodied  in  this  report.  In 
all  the  annual  reports  of  the  survey  since  1B67  more  or  less  attention 
has  been  given  to  tJiis  sul^ect. 

Bejbie  proceeding  to  a  description  of  the  triangulation  in  Colorado 
and  its  relations  to  the  land  surveys,  it  may  be  well  to  give  a  general 
dsKription  of  the  method  of  locating  points  by  triangulation. 

In  this  m^iiod  the  only  direct  measurements  made  are  those  of  one 
or  more  base  linejB ;  all  other  measurements  are  derived  from  thoee  by 
Uie  measurements  of  angles. 

For  the  measuBement  of  a  base  line,  a  flat  extent  of  oonntry,  of  a  suit- 
able leagthj  is  seleeted.  The  ground  should  be  as  nearly  horiaseotal  as 
pooiUe,  and  the  two  ends,  and,  if  possible,  all  points  of  the  proposed 
baee^  shoald  be  intervisible.  The  length  of  the  line  should  be  measured 
lith  all  the  aeeurac^  possible  under  the  eireomstanoes,  as  any  error  in 
this  measurement  is  increased  manlMd  in  the  subsequent  triangula- 
tion. 

In  the  Coast  Survey  the  lines  aie  measured  by  metal  bars,  compensated 
for  temperature,  and  the  contact  between  the  ends  of  the  bars  is  made 
by  a  microscope.  In  this  oase  the  operation  of  measuring  and  remeas- 
uing  a  base  Ave  miles  long  occupies  several  weeks,  and  the  error  does 
not  exceed  a  small  fraction  of  an  inch. 

In  the  work  of  this  survey,  which  does  not  admit  of  the  devotion  of  so 
mtich  time  and  expense,  these  measurements  have  been  made  with  a 
100-l(iot  steel  tape.  The  measurements  are,  of  course,  corrected  for 
temperature,  slope,  and  error  of  tape,  and  are  reduced  to  sea-level.  The 
base  measured,  a  distance  of  perhaps  5  or  G^  miles,  the  next  step  is  to 
"  expand  ^  it,  that  is,  to  obtain  from  this  known  distance  of  5  or  6  miles 
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the  accurate  length  of  a  line  20, 30,  or  40  miles  ia  length,  the  meaa  die 
tance  between  stations  of  the  triangalation. 

For  this  purpose,  points  are  selected  on  the  right  and  left  of  the  l3asi 
line,  at  sach  distances  from  it  that  the  triangles  formed  by  each  of  thesi 
points,  and  the  two  ends  of  the  base,  will  be  "well  conditioned'';  that  ia 
that  the  angles  of  the  triangles  will  be  as  nearly  equal  as  possible.  Thei 
all  of  the  angles  of  each  of  these  triangles  are  measured. 

Kow,  were  these  angles  measured  perfectly,  the  sum  of  the  three  cm 
any  triangle  would  be  180^  plus  the  spherical  excess.  The  amount  ol 
the  discrepancy  is  an  indication  of  the  accuracy  of  the  work.  2^ow,  in 
each  of  these  triangles  there  is  given  a  side  and  the  three  angles,  and 
a  simple  trigonometrical  calculation  gives  the  lengths  of  the  other  sides; 
these  other  sides,  thus  calculated,  furnish  bases  for  farther  triangles,  each 
larger  than  those  used  before,  and  thus  the  enlargement  goes  on  until  the 
normal  length  of  sides  of  triangles  is  reached.  This  completes  the  expan- 
sion, and  thence  the  triangulation  goes  on  by  the  simple  measurement  of 
angles,  the  sides  of  the  triangles  being  kept  as  nearly  as  possible  of  the 
same  length  and  the  angles  as  nearly  equal  as  possible. 

A  second  base  is  usually  measured  as  a  check  on  the  first.  From  it 
an  expansion  is  made,  and  the  work  connected  with  that  from  the  first 

To  ascertain  the  direction  or  azimuth  of  these  lines,  it  is  necessary 
to  know  only  the  direction  of  any  one  of  them,  although  practically  the 
directions  of  several  are  measured,  as  checks  on  one  another.  The 
measurement  consists  in  measuring  the  angle  between  the  line  and  some 
slow-moving  star,  usually  the  pole  star,  whose  distance  from  the  north 
pole  is  known  at  the  time.  Now,  this  system  of  triangalation  is  consist- 
ent in  itself,  but  its  position  on  the  earth's  surface  is  unknown.  To  de- 
termine this  requires  the  aid  of  astronomy.  One  or  more  of  the  stations 
in  this  triangalation  must  be  fixed  by  astronomical  means,  and  the  char- 
acter of  the  work  is  sach  as  to  warrant  the  employment  of  the  best  in- 
straments  and  the  most  refined  methods  for  the  determination  of  the 
latitude  and  longitude  of  this  or  these  points.  For  the  determination  of 
the  latitude,  we  nse  the  zenith  telescope,  and  the  method  of  zenith  dis- 
tances of  stars.  To  describe  this  method  would  require  more  space  and 
technical  language  than  could  be  used  here.  Suffice  it  to  say,  that  this 
method  determines  the  latitude  within  a  few  tenths  of  a  second,  where 
a  second  is  about  100  feet. 

The  longitude  is  determined  by  the  comparison  of  the  local  time  of 
the  station  with  that  of  some  point  whose  position  is  known.  This  com- 
parison is  made  by  telegraph.  The  beats  of  the  chronometer  are  trans- 
mitted back  and  forth  by  telegraph,  and  recorded  side  by  side  on  paper, 
by  an  ingenious  instrument  known  as  the  chronograph. 

The  difference  between  the  local  times  of  the  two  stations  is  the  differ- 
ence in  longitude.  This  local  time  is  determined  at  each  station  by  ob- 
serving the  transits  of  stars,  whose  positions  are  known,  with  a  transit 
instrument.    These  observations  give  the  error  ot  the  chronometer  and 
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heoce  the  local  time.    By  this  method  the  longitude  of  a  point  can  be 
detennined  within  30,  40,  or  50  feet  at  the  worst. 

ISowj  the  latitude  and  longitude  of  a  point  being  known,  those  of  all 
other  points  also  are  determined,  as  their  distances  and  directions  from 
the  first  iK>int  are  given  by  the  triangulation,  and  the  whole  system  is 
correctly  placed  on  the  earth's  surface. 

In  the  inception  of  the  work  in  Colorado  a  base  line  was  measured 
near  Denver,  mainly  on  the  track  of  the  Kansas  Pacific  Sailroad.  Two 
measorements  were  made  of  it,  with  a  steel  tape  100  feet  long,  under  a 
tension  of  16  pounds.  The  end  of  each  100  feet  was  marked  by  a  knife- 
edge  on  the  railroad  track,  or  on  a  low  stool.  The  profile  of  the  line  was 
leveled,  and  the  temperature  of  the  tape  was  constantly  measured. 

The  results  of  two  measurements,  corrected  for  temperature  and  slope, 
are  respectively  31,861.304  and  31^63.102  feet,  showing  a  discrepancy 
of  about  1.8  feet,  or  about  Ysihis  ^^  ^^^  length.  It  was,  of  course,  cor- 
rected for  error  of  tape,  and  reduced  to  sea-leveL 

From  this  base,  triangulation  was  extended  and  carried  into  the 
mountains.  Then  a  second  b^se  was  measured  in  San  Luis  Valley. 
The  methods  were  the  same,  and  the  resclts  better  than  in  the  case  of 
the  Denver  base.  Six  days  were  occupied  in  its  measurement  and  re- 
laeasurement.  The  corrected  results  are  as  follows:  28,5^2.74  and 
28,522.558  feet,  a  difference  of  only  -^^  of  a  foot  in  5^  miles. 

Connecting  the  triangulation  from  those  two  bases  with  one  another, 
the  error  was  found  to  be  only  9^  inches  to  the  mile.  This  error  is  the 
8am  of  the  errois  of  the  measurements  of  the  bases  and  of  the  triangu- 
lation as  brought  through  nearly  200  miles.  The  angles  were  measured 
with  theodolites  whose  circles  were  8  inches  in  diameter,  receding  to 
10"  of  arc.  All  the  stations  were  marked  by  monuments  5  to  10  feet 
in  height. 

In  the  whole  scheme  of  triangulation  of  Colorado,  143  complete  tri- 
angles have  been  measured,  with  a  mean  error  of  closure  of  13'^.3.  The 
enors  of  measurement  of  the  sides  of  the  triangles  will  not  exceed  i 
of  a  foot  per  mile,  and  the  errpr  of  location  of  the  primary  stations  is 
not  greater  than  25  feet.  The  area  covered  in  Colorado  is  about  70,000 
square  miles. 

For  the  location  of  the  work  in  latitude  and  longitude,  it  was  deemed 
best,  on  account  of  the  expense  of  instruments,  &c.,  to  ask  the  Coast 
Survey,  which  is  completely  fitted  in  this  respect  for  the  work,  to 
determine  the  latitude  and  longitude  of  several  points  for  us.  This 
they  very  kindly  consented  to  do,  and  established  the  position  of  points 
in  Denver,  Colorado  Springs,  and  Trinidad,  Colo.,  for  us  with  the  greatest 
accuracy. 

Ihe  next  point  is,  how  these  locations  are  to  be  used  for  the  inception 
of  land  surveys  in  isolated  mountain  valleys,  and  for  the  elimination  of 
errors  in  the  work  of  these  surveys. 

We  may  premise  that  either  case  requires  more  knowledge  of  surveying 
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.than  usually  falls  to  the  lot  of  a  deputy  surveyor,  aud  that  they  will 
not  utilize  these  points  unless  required  so  to  do  by  law. 

In  the  first  of  the  above  cases,  we  may  suppose  a  valley,  surroanded 
by  high,  rugged  mountains,  over  which  it  would  be  very  expensive  to 
run  a  line  at  all,  and  impossible  to  do  it  with  any  approach  to  accuracy. 
Suppose  that  a  mountain  peak  on  the  edge  of  this  valley  has  been  ac- 
curately located  and  its  latitude  and  longitude  given.    The  latitude 
and  longitude  of  the  point  in  this  valley  which  should  be  the  nearest 
township  corner  to  this  peak  can  easily  be  deduced  by  calcnlattoD, 
whence  the  distance  and  direction  of  this  supposed  township  corner 
from  the  peak  can  also  be  computed.    All  that  remains  to  be  done,  tUeD, 
is  to  find  the  point  in  the  valley  at  the  requisite  distance  and  direction 
from  the  peak,  and  this  point  is  the  township  corner,  whence  the  survey  may 
be  carried  on  in  the  usual  manner.    Take,  as  an  example,  the  valley  o£ 
the  Uncompabgre,  in  Western  Colorado,  a  large,  fertile  valley,  which  will 
soon  require  to  be  surveyed.    The  nearest  surveys  are  now,  I  understand, 
on  the  Gunnison,  at  the  mouth  of  Oochetopa  Creek.    To  carry  a  base 
line  thence  to  the  Uncompabgre  Valley  will  require  the  chaining  of 
about  50  miles  over  rugged  mountain  country.    Instead  of  this,  take 
Mount  Bneffles,  a  peak  in  the  Ban  Juan  Mountains  overlooking  this 
valley,  as  a  starting  x>oint.    The  township  comer  which  will  come  near- 
est to  this  peak  is,  we  will  say,  the  Bth  township,  t.  e.,  48  miles  west  of 
the  last  one  at  the  mouth  of  Oochetopa  Oreel:,  where  the  surveys  now  ex- 
tend.   Knowing  the  latitude  and  longitude  of  the  latter  point,  that  of  the 
supposed  corner  in  the  Uncompabgre  Valley,  being  48  miles  farther  west, 
can  easily  be  computed,  and  knowing  this,  its  distance  and  direction 
from  Mount  HnefSes  can  also  easily  be  computed,  and  the  line  run  from 
the  summit  of  Bneffles  to  the  required  point. 

In  the  second  case,  that  of  using  these  points  as  checks  on  tlie  accu- 
racy of  the  land  surveys,  I  would  recommend  that  the  surveyors,  when- 
ever, in  running  lines,  they  pass  near  a  located  point,  be  obliged  to  con- 
nect their  lines  with  it  by  chaining.  Then  the  astronomical  position 
of  the  corner,  as  determined  by  their  work,  and  by  connection  with  the 
station  of  triangulation,  should  agree.  If  they  do  not,  the  most  of  the 
error  is  in  the  land  surveys,  and  they  should  be  corrected  accordingly. 
This  will  not  only  vastly  increase  the  accuracy  of  the  work,  but  will 
prevent  the  manufacture  of  the  notes  in  camp. 

Moreover,  these  geodetic  stations,  which  are  in  all  cases  mountain 
peaks  whereon  the  station  is  marked  by  an  indestructible  stone  cairn, 
would  furnish  points  of  reference  for  all  time,  in  case  disputes  should 
arise  concerning  boundaries,  &c. 

Monuments  are  built  on  all  the  stations  in  the  primary  triangulation, 
and  on  those  of  the  secondary  triangulation,  wherever  material  for  their 
construction  is  available.  They  are  built  of  stone,  simply  piled  up  in 
the  form  of  a  pyramid ;  are  of  a  minimum  height  of  5  feet,  thence  up  to 
1 5  feet. 
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Where  material  is  immediately  at  hand,  as  is  nsaally  the  case,  a  mon- . 
nmeot  five  to  six  feet  high  can  be  erected  in  half  an  hoar  by  two  men. 

Oar  experience  has  been  that  the  erection  of  these  monuments  re- 
quires no  additional  force,  and  bat  a  trifling  amonnt  of  time,  and  hence 
need  involve  do  extra  expense  whatever. 

On  oar  final  maps,  those  stations  on  which  monuments  have  been 
erected  will  be  appropriately  marked,  and  their  correct  positions,  in  lati- 
tude and  longitude,  will  be  given. 

The  public- laud  surveys,  by  use  of  these  monuments,  will  be  enabled 
to  effect  a  great  saving  in  running  base-lines  and  guide-meridians  over 
difBcolt  mountain  country.  Also,  the  large  errors,  which  such  lines  are 
almost  sure  to  involve,  are  avoided. 

A  more  detailed  account  of  the  publications  of  the  survey  and  the 
office  work  will  be  given  in  the  annual  report  for  1877,  which  will  go  to 
press  in  October. 

With  the  hope  that  this  report  will  prove  of  value  to  tbe  government 
and  to  science  it  is  respectfully  submitted. 

I  have  the  honor  to  be  your  obedient  servant, 

F.  V.  HAYDEN, 
United  States  Oeologist. 

To  Hod.  Ca.bl  Sghubz, 

Secretary  of  the  Interior. 
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LETTEE  OP  TRANSMITTAL. 

Washington,  D.  C,  November  1,  1877. 

Sir  :  X  lia»ve  tlie  honor  to  transmit  herewith  my  report  on  the  geology 
of  a  portion  of  l^orthwestern  Colorado,  it  being  the  district  that  was 
assigned,  to  me  for  examination  during  the  season  of  1876. 

The  amount  of  time  I  was  enabled  to  give  to  the  work  during  that 
eeaaon  wad  comparatively  short,  and  my  movements  in  the  field  having 
been  dependent  on  those  of  the  topographical  party,  the  results  were 
neeeasarily  incomplete ;  but  having  been  able  to  devote  a  part  of  the 
reason  of  1.877  to  the  same  district,  I  have  succeeded  in  working  out  its 
siroctaral  geology  with  a  good  degree  of  satisfaction. 

My  metliod  of  prosecuting  the  work  was,  besides  the  ordinary  exam- 
ioation  of  tbe  rocks  and  the  surface  of  the  region  as  I  traversed  it,  to  go 
upon  tbe  higher  and  more  prominent  points  and  make  my  field-notes  and 
sketches  there.  Besides  visiting  all  the  topographic  stations  in  this  way, 
I  established  many  note  stations  of  my  own,  also.  Thus  the  whole  dis- 
trict was  examined  in  detail,  and  every  feature  of  its  geological  structure 
^«ras  seen  and  traced  by  my  own  eyes;  which  the  slight  accumulation  of 
9pil  or  dSbris  apon  the  surface  and  the  sparseness  of  vegetation  in  that 
urid  region  rendered  entirely  practicable. 

On  a  subsequent  page  I  have  correlate<l  the  general  section  of  t^e 
Tocks  of  my  own  district  with  those  prepared  by  Powell  and  King,  respect- 
ively,  for  adjoining  districts,  as  I  understand  them  after  a  considerable 
personal  examination  of  the  geology  of  those  districts. 

This  report  is  chiefly  confined  to  the  structural  geology  of  the  district, 
wfaicfj  IS  ibund  to  possess  peculiar  interest;  but  many  interesting  facts 
were  also  observed  concerning  its  economic  and  surface  geology,  drift, 
trapoatflowSy  &c.,  which  are  recorded  on  following  pages. 

Very  respectfully,  yours, 

0.  A  WHITE. 

Dr.  F.  V.  Hayden, 

Jn  charge  of  the  Geological  and 

Oeographicai  Survey  of  the  Territories. 


REPORT  ON  THE  GEOLOGY  OF  A  PORTION  OF  NORTHWESTERN 

COLORADO. 


CHAPTER  I. 

INTRODUCTION. 

The  district  open  which  the  following  report  is  made,  is  iucloded 
withiD  the  foUowiog  Iionndaries:  The  eastern  bonndary  is  approxi- 
mately upon  a  straight  line  drawn  from  a  point  where  the  meridian 
of  longitude  107^  50^  west  from  Greenwich  crosses  White  River,  to 
where  the  meridian  of  107^  25'  crosses  Yampa  River.  The  northern 
bonndary  is  the  parallel  of  north  latitude  40^  30' ;  the  southern  is  the 
diannel  of  White  River,  and  the  western  the  meridit^u  of  109^  30'.  The 
area  thas  inclosed  contains  about  2,400  square  miles.  The  Yampa 
Biver  has  its  course  near,  and  its  general  direction  approximately  coin- 
cident with  the  northern  boundary  just  mentioned ;  bending  and  mean- 
dering on  each  side  of  it,  so  that,  in  general  terms,  the  Yampa  and  White 
Rivers  may  be  said  to  be  respectively  the  northern  and  southern  bound- 
aries of  the  district.  The  meridian  which  constitutes  the  western 
boundary  is  thirty  minutes  west  of  the  joint  boundary-line  between 
Colorado  and  Utah.  The  eastern  boundary  is  not  a  distinctly  defined 
ooe,  because  this  district  adjoins  the  one  which  was  surveyed  by  the 
late  Mr.  A.  R.  Marvine,  and  which  was  bounded  on  the  west  by  no 
definite  geographical  features.  It  is,  however,  practically  as  above 
stated. 

The  Yampa  and  White  Rivers  are  both  tributaries  of  Green  River, 
which  is  itself  the  principal  tributary  of  the  great  Colorado  River  of  the 
West.  This  district  is  thus  shown  to  be  upon  the  Pacific-drainage  slope 
of  the  continent,  the  great  Rocky  Mountain  chain  lying  wholly  to  the 
east  of  it,  but  some  of  the  western  foot  hills  of  which  rest  upon  its 
eastern  border. 

Strictly  speaking,  this  district  is  only  in  part  a  mountainous  one, 
although  it  is  by  no  means  a  plain-country  in  any  considerable  part.  It 
lies  between  two  separate  and  important  mountain  systems,  namely 
those  of  the  Uinta  and  the  Park  Ranges  (the  latter  being  a  subordinate 
portion  of  the  great  Rocky  Mountain  Range),  each  of  which,  esi)ecially 
the  former,  occupies  a  portion  of  its  area.  The  Uinta  Mountains  have 
an  east  and  west,  and  the  Park  Mountains  a  north  and  south  trend, 
or,  in  other  words,  their  axes  are  approximatel}'  at  right  angles  with 
each  other.  The  eastern  end  of  the  Uinta  Range  occupies  a  large  portion 
of  the  northwestern  part  of  the  district,  while  the  eastern  portion  of 
the  district  extends  up  to  the  western  foot-hills  of  the  Park  Range. 

The  district  is  an  elevated  one,  aside  from  its  mountains.  The  lowest 
level  within  its  limits,  which  is  the  surface  of  Green  River,  is  about 
5)(XK)  feet  above  the  level  of  the  sea,  while  the  higher  points  of  land, 
both  those  of  the  eastern  and  northwestern  portions  of  the  district,  reach 
aa  altitude  of  more  than  9,000  feet  above  the  level  of  the  sea.  In  con- 
sequence of  this  great  elevation  and  of  the  dryness  of  the  climate,  vege* 
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tation  is  scant  and  in  large  part  dwarfed.  This  scantiness  of  vegeta- 
tion, and  the  rapid  removal  of  the  ddbris  of  disintegrated  rock  in  time 
of  rains  and  melting  snows,  and  consequent  flooding  of  the  drainage- 
channels,  leaves  the  snrface,  especially  that  of  the  bill  and  valley  sides, 
so  bare  that  the  strata,  for  the  rocks  are  all  stratified,  are  as  distinctly 
seen  as  the  leaves  of  a  book. 

The  geologist,  therefore,  may  go  to  the  top  of  any  of  the  moantains 
or  higher  hills  and  see  the  geological  stractnre  of  the  neighborhood 
spread  ont  below  him  like  a  well-drawn  picture ;  and  even  the  geolog- 
ical structure  of  the  more  distant  parts  of  the  landscape  may  often  be 
accurately  determined  from  these  elevated  points  of  observation. 
These  conditions  of  the  surface  give  great  advaiitage  to  the  geologist ; 
not  only  insuring  great  accuracy  in  his  work,  but  they  also  enable  bim 
to  accomplish  it  with  extraordinary  rapidity.  This  explanation,  besides 
setting  forth  an  interesting  fact,  is  also  really  due  to  those  who,  not 
personally  acquainted  with  the  peculiarities  of  that  region,  may  com- 
pare the  detailed  reports  that  geologists  have  made  upon  various  por- 
tions of  it  with  the  comparatively  short  time  they  are  known  to  have 
been  engaged  upon  the  field-work. 

In  no  humid  country,  where  the  dSbris  of  disintegrated  rock  profusely 
and  often  deeply  covers  the  underlying  strata,  qan  the  details  of  geolog- 
ical structure  be  so  accurately  ascertained,  even  by  years  of  carefal 
search,  as  it  may  be  done  in  a  region  like  this,  within  a  few  days. 


CHAPTER    II 


SUEFACE  FEATURES. 

MOUITTAINS. 

Although  tbe  elevation^  above  the  level  of  the  sea,  of  the  hills  of  the 
eastern  portion  of  the  district  is  quite  &s  great  as  that  of  any  other 
portion,  tbe  more  prominently  distinct  mountain  masses  within  its  lim- 
its are  located  in  the  northwestern  quarter,  and  consist  of  closely  ad- 
jacent and  inseparable  portions  of  the  Uinta  system.  The  Yampa  Pla- 
teau constitutes  the  principal  one  of  these  mountain  masses,  the  others 
being  api^endages  or  prolongations  from  it,  as  itself  is  an  appendage  or 
accessoiy  fold  of  the  great  Uinta  Uplift,  lying  upon  the  soqtheru  side  of 
the  eastern  end  of  that  chain.  Section  Bidge  and  Split  Mountain  are 
western  prolongations  or  spurs  from  Yampa  Plateau,  and  Midland 
Bidge  is  a  long  accessory  fold  and  eastern  prolongation  from  the  same, 
at  least  as  a  topographical  featnce.  The  latter  is  not  so  high  as  the 
plateau  except  at  its  western  end,  but  yet  it  forms  a  very  conspicuous 
topographical  feature  of  the  region;  its  bright  red  strata  making  it  also 
a  very  conspicuous  geological  one.  Beyond  this  group  of  subordinate 
moantain  masses,  to  the  northward  and  northwestward,  lies  the  main 
fold  of  the  Uinta  system;  and  stretching  to  the  westward  its  great  chain 
of  peaks  is  seen,  with  their  patches  of  perennial  snow  glittering  in  the 
iDidsammer  sunlight. 

JoDction  and  Yampa  Mountains  are  remarkable,  isolated  mountains, 
each  about  2,000  feet  high  above  the  surface  of  the  lowland  of  the  basin 
oat  of  which  they  rise ;  but  they  both  belong  to  the  Uinta  system  and 
lie  upon  the  vanishing  extension  of  the  flexure  of  the  great  Uinta  Up- 
lift; which  extension  I  have  called  the  axial  flexure.  The  first-named 
moantain  lies  some  three  or  four  miles  east  of  the  eastern  end  of 
tbe  Uinta  chain,  and  the  latter,  which  must  not  be  confounded  with 
Tampa  Plateau,  lies  some  15  or  16  miles  still  further  eastward,  in  line 
with  the  great  Uinta  Axis.  The  structure  and  relations  of  all  these 
moontaios  will  be  discussed  in  a  subsequent  chapter. 

Although  the  elevation  of  the  eastern  portion  of  the  district  is  quite 
tt  great  as  that  of  the  mountain  masses  of  the  northwestern  portion, 
the  rise  to  the  eastward  is  so  gradual,  and  the  surface  comparatively  so 
tittle  broken  into  separate  mountains  within  the  eastern  borders  of  the 
district,  that  it  is  not,  strictly  speaking,  mountainous  there.  Just  be- 
yond its  limits  to  the  eastward  there  is  a  broad  elevated  district  called 
the  White  Biver  Plateau.  This  plateau  ha.s  be3n  largely  formed  as 
Bach  by  a  great  trap-outflow,  the  borders  of  which  are  now  cut  by  ero- 
Bioa  into  deep  gorges  and  ravines,  among  which  White  Biver  and  Wil- 
liams Fork  of  the  Yampa  have  their  rise. 

There  are  some  other  mountain  masses  in  the  more  central  portions 
of  the  district,  left  as  such  by  the  deepening  of  the  drainage- valleys  by 
erosion,  that,  although  they  are  really  important  features,  have  been 
designated  by  distinctive  names  only  so  far  as  it  was  found  necessary 
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to  apply  them  as  aids  in  descriptive  geology.    These  are  the  Danforth 
IlDls,  Gray  Hills,  Piiion  Eidge,  &c.,  the  position  of  each  of  which 
shown  upon  the  accompanying  map. 

DRAINAGE. 

The  greater  part  of  the  drainage  of  this  district  is  efifected  by  both 
the  White  and  Yampa  Bivers,  in  approximately  equal  proportion,  hati 
a  large  part  of  the  permanent  water  of  both  these  rivers  is  derived  from, 
the  mountain  region  that  lies  beyond  the  district  to  the  eastward. 
Green  Eiver  cuts  across  the  northwestern  portion  of  the  district,  but  as 
it  traverses  deep  canons  in  the  Uinta  Mountains  along  a  part  of  that 
portion  of  its  course,  it  receives  very  little  addition  to  its  waters  there 
at  any  time  of  the  year  except  what  reaches  it  by  the  Yampa.  Below 
the  canons,  however,  a  few  minor  drainages  reach  Green  Biver  from 
the  east  side ;  and  Ashley's  and  Brush  Creeks  empty  into  it  from  the 
west  side. 

The  water-shed  which  divides  the  drainage  between  the  White  and 
Yiimpa  Bivers  consists  of  an  irregular  and  somewhat  tortuous  line  of 
hills,  generally  recognizable  as  a  water-shed  crest  when  seen  from  other 
elevations  at  a  distance.  Tbe  eastern  part  of  this  water-shed  lies  along 
the  crest  of  the  Danforth  Hills,  and  is  deflected^  so  that  it  has  there  an 
almost  due  southeast  aud  northwest  trend,  the*  eastern  end  of  the  dis- 
trict being  almost  wholly  drained  into  the  Yampa.  The  western  portion 
of  the  water  shed,  comprising  the  greater  part  of  its  length,  has  an  ap- 
proximately due  east  and  west  course.  Its  western  terminus  is  upon 
the  western  end  of  Yampa  Plateau,  a  large,  broad  mouutaiii  mass,  which, 
as  already  explained,  lies  adjoining  and  is  accessory  to  the  great  Uinta 
Uplift.  The  course  of  the  water-shed  upon  the  plateau  is  in  some  places 
within  fonr  or  five  miles  of  the  Yampa  Biver,  which  in  this  part  of  its 
course  runs  in  a  deep,  narrow  canon.  The  relation  of  these  drainage- 
lines  and  their  watersheds  to  the  displacements  of  the  strata  in  this  re- 
gion will  be  discussed  under  appropriate  heads  upon  subsequent  pages. 

That  portion  of  this  district  which  lies  between  the  two  great  moun- 
tain systems  before  named  is  more  or  less  deeply  cut  by  drainage-chan- 
nels,  leaving  between  them  many  elevations  that  are  quite  worthy  of 
the  name  of  mountains.  The  region  embracing  this  district  lies  far 
within  tbe  limits  of  that  great  portion  of  the  United  States  domain  in 
which  the  annual  rain-fail  is  insufficient  for.  the  purposes  of  agriculture. 
In  consequence  of  this  dryness  of  the  climate,  the  drainage-valleys  and 
ravines  just  referred  to,  which  lead  into  the  rivers,  are  with  few  excep- 
tions dry  during  a  great  part  of  the  year.  These  drainage-channels, 
which  for  convenience  of  description  are  called  ^^  dry  drainage-chan- 
nels,'' all  show  marks  of  an  abundant  aud  strong  flow  of  water  aud  of 
great  and  rapid  denudation  of  the  surface  that  is  drained  by  them  dur- 
ing the  wet  season  of  the  year.  A  stranger,  not  familiar  with  the  meteor- 
ological conditions  prevailing  in  this  region,  travelling  through  It  in 
the  summer,  would  be  impressed  with  the  belief  that  the  country  was 
formerly  a  well-watered  one,  a  land  of  a  multitude  of  flowing  streams 
which,  for  some  cause  not  now  apparent,  had  suddenly  and  permanently 
ceased  to  flow,  and  that  in  consequence  the  land  had  recently  changed 
to  a  dry  and  barren  one. 

The  ])resent  surface  features  of  the  district  are  almost  wholly  due  to 
two  principal  causes,  namely,  elevation  and  consequent  flexion  and 

*8o  named  in  honor  of  Bev.  £.  H.  Danforth,  Indian  agent  at  the  White  Bi?er 
agency. 


SUBFACE  FEATURES — PASKS  AND  BASINS.  9 

other  displacements  of  the  strata;  and  both  simultaDeous  and  sub- 
seqoeDt  sabaerial  denadation  of  the  strata  tbas  elevated.  The  latter 
process  has  produced  what  may  with  propriety  be  called  the  drainage 
features  of  the  region.  These  are  really  the  most  coDspicooas  features 
of  all,  for  the  elevated  portions  of  the  great  flexures  have  been  mostly 
lemoved  by  the  erosion  just  referred  to.  A  part  of  the  drainage  of  this 
districtflikealargepartofthatof  the  whole  great  region  within  which  itis 
located,  is  antecedent.*  That  is,  it  was  evidently  established  before  the 
priudpal  displacements,  including  the  great  flexures,  were  produced. 
This  view  of  the  subject  implies  that  the  flexares  were  produced  very 
slowly,  and  that  before  the  strata  began  to  bend  the  streams  were  already 
established  upon  the  surface,  and  traversed  the  future  sites  of  the  flexures 
at  various  angles;  and  furthermore,  that  the  streams  continued  to  retain 
their  original  positions  by  a  constant  erosion,  equivalent  in  amount  with 
the  elevation  that  was  in  progress.  I  am  not  unaware  of  the  weighty 
objections  that  may  bo  urged  against  this  theory,  but  it  seems  to  accord 
with  the  greatest  number  and  most  important  of  known  facts. 

It  is  a  moat  remarkable  fact  that  during  this  elevation  of  the  strata 
the  streams  seem  to  have  been  very  little  influenced  in  or  changed  from 
their  courses  by  either  the  favorable  or  unfavorable  conditions  for 
erosion  of  the  strata  themselves;  mountain  masses  of  quartzite  not 
forcing  a  divergence, -nor  the  softest  strata  inducing  a  departure  from 
their  predetermined  courses.  »So  far  as  my  observation  has  yet  ex- 
tended, it  is  those  channels  only  or  mainly  which  have  a  greater  or  less 
flow  of  perennial  water  that  are  referable  to  the  category  of  antecedent 
drainage.  On  the  other  hand,  the  present  location  of  the  dry  drainage- 
ebannels  of  the  region,  as  well  ais  the  unequal  depth  and  extent  to  which 
the  erosion  has  reached  in  them  and  upon  the  surface  they  drain,  is 
largely  due  to  the  difierence  in  the  lithological  characteristics  of  the 
strata  out  of  which  the  surface  features  have  been  carved,  but  modified 
and  controlled  by  the  displacements  which  the  strata  have  been  sub- 
jected to.  In  other  words,  this  part  of  the  drainage  system  is  mainly 
aobsequeut  to  or  consequent  upon  the  great  movements  that  have 
reaaUed  in  the  present  displacements  of  the  strata.  This  <' consequent" 
drainage,  although  consisting  mainly  of  those  numerous  minor  branches 
vhicb  are  dry  during  a  part  of  the  year,  has  produced  present  physical 
features  that  are  scarcely  less  conspicuous  than  those  which  have  been 
produced  by  all  other  causes;  for  by  its  agency  almost  all  the  immense 
erosion  and  degradation  which  the  region  has  sufl:*ered  has  been  accom- 
plished, while  the  principal  streams  have  served  as  vehicles  for  the  trans- 
portation ot  the  material  thus  removed  from  the  surface. 

PARES  AND  BASINS. 

The  terms  **park'^  and  "basin,''  as  names  of  geographical  features, 
have  been  variously  and  somewhat  loosely  used  by  diflerent  wi  iters. 
Finding  it  necessary  to  use  them  in  this  report  for  purposes  of  descrip- 
into,  I  shall  apply  the  term  "  park''  only  to  those  expansions  of  the  river- 
valleys  that  contain  more  or  less  broad  spaces  of  comparatively  level 
land,  a  part  of  which  is  susceptible  of  cultivation  by  irrigation,  and 

*Tbi8  explaDAtion  of  the  relation  that  the  rivei-vaUeys  of  the  great  Rocky  Mount- 
ain region  generally  bold  to  the  displacements  that  the  strata  have  soffered,  by  assnm- 
iag  that  the  displacement:!  took  place  after  the  rivers  were  established,  withoat  mate- 
rial change  in  the  course  of  the  rivers,  was  first  suggested  by  Dr.  Hay  den  in  the 
imerican  Joomal  of  Science  and  Arts  for  May,  1862,  and  afterward  in  his  Report  for 
1872,  page  S5.  The  subject  was  afterwnrd  well  elaborated  by  Professor  Powell  in  hia 
KDorta. 
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which  are  surroanded  by  snch  hills  or  hifrh  lauds  as  nsaally  border  the 
Talleys.  The  term  *^  basin  "  I  shall  use  for  similarly  excavated  or  hollowed 
spaces  in  the  general  sarface  of  the  conntry  through  which  no  river  of 
perennial  stream  flows  by  which  its  lauds  may  be  irrigated.  The  basin, 
has  been  produced  by  the  erosion  of  the  dry  drainage-channels,  whilo 
the  park  has  been  excavated  mainly  through  the  agency  of  a  perennial 
stream.  Parks,  then,  beiug  really  portions  of  the  valleys,  will  be  de- 
scribed in  that  connection,  but  the  basins  of  the  district  will  be  sepa- 
rately considered,  mainly  with  reference  to  their  relation  to  the  strnct- 
ural  geology  of  the  district.  All  the  parks  of  this  district  are  small,  and 
their  importance  lies  only  in  the  facts  that  their  relation  to  the  stract- 
ural  geology  is  similar  to  that  which  the  basins  hold,  and  that  they 
contain  far  the  greater  part  of  the  tillable  land  of  the  region. 

Midland  Basin, — ^This  basin  is  comparatively  small,  but  a  separate  de- 
scription of  it  is  given  because  of  the  important  relation  ic  bears  to  the 
structural  geology  of  its  neighborhood.  It  lies  near  the  middle  of  the 
district,  and  nearer  to  the  southern  than  to  the  northern  border.  Its 
boundaries  may  be  designat^ed  in  general  terms  as  follows:  Piiioa 
Bidge  borders,  it  upon  the  east;  the  hogbacks  of  the  Midland  Flexure 
upon  the  south ;  the  eastern  end  of  the  Midland  Bidge,  in  part,  on  the 
west  *y  and  its  northern  boundary  is  indistinctly  defined  by  the  broad 
ridge  which  forms  the  water-shed  between  the  Yampa  and  White  Riv- 
ers, separating  Midland  Basin  from  Lil.v's  Park,  and  is  continuous  with 
the  western  portion  of  the  Danforth  Hills.  It  occupies  a  part  of  the 
broad  anticlinal  axis  of  the  flexure  that  has  brought  up  the  great  mass 
of  Triassic  strata  which  constitutes  Midland  Bidge  and  also  the  Fox 
Hills,  and  Laramie  strata  that  constitute  PiOon  Bidge.  The  same  flex- 
ure has,  of  course,  brought  up  the  sandy  shales  and  clays  of  the  Colorado 
Group,  out  of  which  the  basin  has  been  mostly  excavated.  South west- 
wardly  this  basin  is  continuous,  with  a  broad  dry  valley  extending  far, 
but  gradually  narrowing,  to  the  westward,  which  valley,  like  the  basin, 
is  mostly  excavated  out  of  the  shales  of  the  Colorado  Group.  The  sur- 
face of  the  basin  has  considerable  irregularity,  but  is  free  from  hills  of 
any  considerable  height.  Its  drainage  all  passes  into  White  Biver 
through  a  gap  in  the  hogbacks  of  Midland  Flexure,  just  west  of  the  east- 
ern end  of  Piiion  Bidge. 

Coyote  Basin, — Unlike  the  other  basins  of  this  district,  Coyote  Basin 
occupies  a  broad  synclinal  instead  of  an  anticlinal ;  also,  it  is  mostly 
excavated  out  of  the  bad-land  strata  of  the  Wasatch  Group  instead  of 
out  of  the  soft  strata  of  the  Colorado  Group  as  the  others  are.  With  per- 
haps the  exception  of  the  Bridger  and  Uinta  groups,  the  Wasatch  and 
Colorado  groups  are  constituted  of  softer  material  than  any  others  in  this 
region,  although  in  a  portion  of  the  district  the  Wasatch  Group  is  in  part 
a  firm  sandstone.  Wben  the  conditions  were  made  favorable  by  the  flex- 
ures that  all  the  strata  of  the  region  have  suffered,  those  of  the  two  last- 
named  groups  have  yielded  more  readily  to  erosion  than  those  with  which 
they  are  associated.  Hence  the  basins  have  been  excavated  out  of  these 
yielding  strata  only.  Coyote  Basin  is  bounded  easterly  by  the  concave 
sweep  formed  by  the  Gray  Hills  and  Citadel  Platean ;  on  the  north,  in 
part  by  Citadel  Plateau  and  in  part  by  the  broad  ridge  that  forms  the 
watershed  between  the  White  and  Yampa  Bivers  and  separates  Coyote 
Basin  from  Axial  Basin ;  on  the  west  by  Piiion  Bidge  and  the  high 
land  that  connects  it  with  the  water-shed  lidge  before  referred  to.  On 
the  south  this  basin-  is,  in  part,  continuous  with  the  valley  of  White 
Biver,  with  which  it  communicates  and  into  which  river  it  is  drained. 
Its  surface  is  an  irregular,  desolate  bad-land  area,  traversed  by  nnmer- 
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008  drainage-clianiiels^  some  of  which  are  quite  large ;  bat  even  these 
are  Dearly  or  quite  without  water  in  Buminer.  The  Bynclinal  within 
which  this  basin  lies  is  partially  surrounded  by  the  great  bend  of  the 
Midland  Flexure  which  is  represented  on  the  geological  map,  and  is  also 
described  in  a  following  portion  of  this  report. 

AjmI  Basin, — ^This  basin  occupies  a  great  anticlinal  axis,  which  is 
tlie  eastward  prolongation  of  the  vanishing  axial  flexure  of  the  Uinta 
Uoantain  uplift.  It  is  so  long  and  narrow  that  the  term  '^  basin  "  does  not 
apply  to  it  with  strict  accuracy,  but  the  use  of  such  a  term  in  this  con- 
nection is  not  likely  to  be  misunderstood.  It  extends  from  Junction 
Mountain  nearly  to  the  eastern  border  of  the  district,  and  is  divided 
into  two  portions  by  Yampa  Mountain,  which  is  a  sharp  upthrust  of 
Paleoeoic  rocks.  Junction  Mountain  is  a  precisely  similar  upthrust  of 
Paleozoic  rocks,  and  it  also  occupies  a  similar  position  upon  the  Uinta 
axis,  at  the  west  end  of  the  basin.  Indeed  it  separates  that  portion  of 
tbe  basin  which  has  been  called  Lily's  Park  from  the  main  portion,  in 
the  same  manner  as,  but  less  completely  than,  Yampa  Mountain  has 
divided  that  basin  into  two  parts  further  to  the  eastward. 

The  boundaries  of  the  eastern  i>ortion  of  the  basin,  that  which  lies 
east  of  Yampa  Mountain,  are  more  clearly  definable  than  those  of  the 
western  portion  are,  because  they  consist  mostly  of  escarpment  bUifis. 
This  eastern  portion  of  Axial  Basin  is  bounded  on  the  west  by  Yatnpa 
Mountain ;  on  both  the  north  and  tbe  south  sides  by  escarpments  of 
Fox  Hills  strata,  and  it  ends  eastwardly  by  a  gradual  rise  of  the  whole 
laud  to  the  White  Biver  Plateau.  Tbe  whole  of  this  eastern  portion  of 
tbe  basin  was  primarily  eroded  out  of  the  shales  of  the  Colorado  Oroup, 
bnt  for  a  distance  of  about  four  miles  east  of  Yampa  Mountain  the  sur- 
ftce  is  covered  by  the  friable  strata  of  tbe  Uinta  Group.  Upon  tbe  top  of  a 
hill  aboutthree  miles  eastof  theeasternborderof  this  depositof  the  Uinta 
Gronp  rest  some  of  the  strata  of  tbe  base  of  the  Fox  Hills  Group,  but 
with  these  exceptions  all  the  surface  of  the  basin  is  occupied  by  the 
shales  of  the  Colorado  Group,  except  where  these  are  obscured  by  soil, 
dSfriSj  or  scattered  drift.  The  Yampa  Biver  passes  through  only  the 
northwestern  corner  of  this  part  of  Axial  Basin,  but,  viewing  the  region 
topographically,  the  most  natural  course  for  that  river  to  run  would 
Beeui  to  be  through  the  whole  length  of  tbe  basin,  instead  of  cutting,  as 
it  has  done,  through  the  elevated  land  that  borders  the  basin  on  the 
north,  and  which  is  composed  of  tbe  comparatively  hard  sandstones  of 
the  Fox  Hills  and  Laramie  groups.  This  eastern  portion  of  tbe  basin 
is  drained  by  the  upper  branches  of  Milk  Creek,  and  a  few  other  drain- 
age-channels, which  are  mostly  dry  during  a  part  of  the  year. 

The  boundaries  of  tbe  western  portion  of  Axial  Basin  are  much  less 
clearly  definable  than  those  of  the  eastern  portion.  In  general  terms  it 
may  be  said  to  be  bounded  as  follows:  On  the  east  by  Yampa  Moun- 
taiD ;  on  the  south  by  the  watershed  ridge  between  the  Yampa  and 
White  Bivers ;  on  the  west  by  Junction  Mountain,  in  part,  and  in  part 
by  Lily's  Park.  It  is  continuous  with  Snake  Biver  Viilley  to  the  north- 
westward, and  on  the  north  it  blends,  by  a  gradual  rise,  with  tbe  high 
lands  that  lie  between  the  valleys  of  the  tinake  and  Yampa  Rivers.  Tbe 
western  portion  of  tbe  basin  is,  therefore,  much  wider  than  tbe  eastern 
portion,  and  a  very  large  part  of  it  lies  beyond  tbe  northern  boundarv 
of  this  district  The  portion  that  lies  within  tbe  district  has,  like  the 
eastern  portion,  been  primarily  excavated  out  of  the  shales  of  tbe  Col- 
orado Group,  but  its  surface  is  now  occupied  in  very  large  part  by  the 
friable  strata  of  the  Uinta  Group,  through  which,  here  and  there,  the 
ttBderlying  Colorado  shales  appear.    Besting  upon  the  Uinta  deposit 
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is  the  scattered  drift  so  common  in  a  large  part  of  this  region.  JM 
reaches  cousiderable  thickness  upon  the  higher  surfaceof  the  basin,  etuA 
also  constitutes  a  large  proportion  of  the  bnlk  of  the  water-shed  rid^^ 
before  referred  to.  Yampa  Biver  traverses  this  part  of  the  basin  from 
east  to  west,  and  it  might,  therefore,  with  some  propriety,  be  designated 
as  a  large  park.  But  its  basin-like  character  constitates  a  greater  aud 
more  conspicuous  feature  than  any  of  the  other  similar  excavations  ia 
the  vicinity,  especially  as  it  occupies  the  lowest  ground  between  the 
eastern  end  of  the  Uinta  chain  aud  the  mountains  that  lie  to  the  east- 
ward of  this  district.  Other  features  of  both  portions  of  Axial  Basia 
will  be  referred  to  in  the  description  of  the  valley  of  Tampa  Biver. 

Bed  Bock  Basin, — ^This  basin  is  located  adjacent  to  the  northwestern 
portion  of  Yampa  Plateau,  and  near  the  coufluence  of  Yampa  River 
with  the  Green.  Midland  and  Axial  Basins  have  been  eroded  oat  of 
soft  strata  that  rest  upon  comparatively  gentle  anticlinal  axes;  and 
Coyote  Baain  has  been  excavated  by  erosion  out  of  other  soft  strata 
that  rest  in  an  equally  gentle  synclinal.  But  Bed  Bock  Basiu  differs 
materially  from  those  in  the  character  and  condition  of  its  fouujdatioD, 
for  it  really  consists  of  a  very  deep  synclinal  flexure  of  the  hard  strata 
of  Carboniferous  age,  from  which  the  somewhat  softer,  but  comparatively 
firm.Triassic  strata  have  been  removed  by  deundation,  except  at  the 
bottom  of  the  flexure,  which  is  the  bottom  of  the  basin,  where  Triassie 
strata  still  remain.  It  is  the  southern  side  of  this  great  synclinal  that 
I  have  called  the  Yampa  Flexure,  and  which  synclinal  separates  the  main 
Uinta,  from  the  Plateau  Uplift.  This  great  synclinal  flexure  reaches  its 
maximum  depth  at  the  west  end  of  Bed  Bock  Basin,  where  it  ends 
abruptly  against  a  mountain  mass  that  projects  northwardly  from  Yampa 
Plateau,  by  a  north  and  south  fault  of  about  2,000  feet  downthrow;  the 
depth  of  the  basin  below  the  northern  bord^  of  Yampa  Plateau  being 
also  about  2,000  feet.  From  this  fault,  the  basin  proper  extends  east- 
ward Ave  or  six  miles,  when  it  becomes  immediately  narrower  and  grad- 
ually shallower,  and  thence  extends  eastward  as  a  long  narrow  syncli- 
nal valley  until  it  is  lost  among  the  hills  at  the  eastern  end  of  the  Pla- 
teau Uplift.  This  valley  and  the  deep  basin  with  which  it  is  continuous 
would  seem  to  be  a  mucii  more  natural  place  for  Yampa  Biver  to  flow  in 
than  the  one  it  has  chosen,  and  which  will  be  presently  described,. if  it 
were  not  for  the  theory  already  explained  that  the  streams  are  older  than 
the  flexures  of  tbe  strata.  The  breadth  of  Bed  Bock  Basin  is  about  the 
same  as  its  leugth.  Its  depth  is  so  great  that  from  the  southern  brim, 
the  bottom  looks  comparatively  plain,  but  it  is  really  traversed  by  deep 
gorges  that  are  cut  in  the  red  Triassic  strata  there,  between  which 
gorges  the  surface  is  rough  and  hilly. 

y^IXEYS 

• 

The  descriptions  immediately  following  are  of  the  river — ^valleys  as 
surface  features.  Their  relations  to  the  displacements  of  the  strata  over 
which  the  rivers  flow  will  be  discussed  in  a  subsequent  chapter.  The 
parks  beiug  only  portions  of  the  valleys,  the  description  of  each  of  these 
will  be  included  with  that  of  the  valley  to  which  it  belongs. 

White  Bites  Valley. — White  Biver,  which  in  summer  is  a  rapid 
sftream  of  clear,  cold  water,  rises  by  numerous  small  branches  among  the 
gorges  and  ravines  of  White  Biver  Plateau,  all  of  which  have  their  coufla- 
ence  with  the  main  stream  before  it  enters  this  district  on  its  westward 
course.  The  bed  of  the  riverus  almost  everywhere  strewn  with  drift- 
pebbles,  and  its  banks  are  usually  easy  of  approach,  e;ccept  where  they 
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treobstractedby  athick  growth  of  bnsbes.  The  valley  varies  in  brendth, 
widening  in  some  places  to  form  the  parks  before  mentioned,  while  in 
other  places  it  is  narrowed  to  a  caiion,  especially  where  the  Oreen  Biver 
Gronp  occopies  both  sides  of  the  river. 

Agencg  Park. — Just  above  White  Biver  Indian  agency  the  river  cats 
through  the  sandstone  strata  of  the  Dakota  Gronp,  which  there  dip  to 
the  northward  and  norhtwestward  at  a  considerable  angle.  The  dip,  how- 
erer,  soon  diminishes,  so  that  for  a  space  of  several  miles  below  the  soft 
strata  of  the  Colorado  Oronp  occupy  the  surface.  Out  of  these  strata 
Ai^ney  Park  has  been  excavated,  apportion  of  them  still  occupying  its 
sorface;  the  upper  layers  of  the  Dakota  Group  appearing  within  the 
park  only  at  one  locality,  which  is  on  the  right  bank  of  the  river,  near 
the  middle  of  the  park.  This  park  is  bounded  on  the  north  by  a  line  of 
fsearpment  bluffs  of  theFox  Hills  Group ;  on  the  east  and  south  by  hills  of 
Cretaceous  strata  that  lie  at  the  western  foot  of  the  Whit€i  Biver  Plateau ; 
and  on  the  west  by  the  Grand  Hogback,  which  is  composed  of  the 
nptomed  strata  of  the  Fox  Hills  and  Laramie  Groups  and  separates 
Agency,  firom  PowelPs  Park. 

Besides  several  dry  drainage-channels  that  traverse  Agency  Park  to 
White  Biver,  there  is  one  brook  of  perennial  water.  This  rises  in  the 
hills  to  the  eastward,  and  flows  through  the  park  two  or  three  miles  and 
empties  into  the  river  upon  its  right  bank.  Only  a  small  proportion  of  the 
aarfaee  of  any  of  the  parks  lies  within  reach  of  irrigating- water  from  the 
riTers  that  run  through  them,  but,  in  consequence  of  the  somewhat  rapid 
^1  of  White  Kiver,  a  considerable  area  within  the  limits  of  Agency 
Park  lies  within  reach  of  water  that  may  be  conducted  in  irrigating- 
ditches.  Besides  the  water  that  may  be  thus  taken  from  the  river  for 
irrigating  purposes,  the  brook  before  referred  to  may  also  be  made  to 
ihniiBh  a  small  but,  under  the  circumstances,  valuable  addition.  There 
are  some  broad  level  spaces  within  the  limits  of  the  park,  the  surfaces 
of  which  are  at  various  heights,  a  hundred  feet  or  more,  above  the  level 
of  the  river,  that  cannot  be  reached  by  irrigating- water  from  it,  although 
they  constitute  a  part  of  the  park  surface  proper.  These  have  somewhat 
the  appearance  of  morainal  benches,  especially  as  they  are  usually  more 
or  less  thickly  strewn  with  drift  pebbles ;  but  they  are  composed  of  the 
undisturbed  strata  out  of  which  the  park  has  been  excavated.  They 
doobtless  represent  periodical  base-levels  of  erosion  that  were  sncces- 
Bively  reached  during  the  excavation  of  the  valley,  for  they  are  of  vari- 
OQs  heights  above  the  level  of  the  river.and  are  common  in  all  the  broader 
portions  of  all  the  river- valleys  of  this  region. 

PowelPs  Park, — ^This  park  lies  immediately  west  of  Agency  Park, 
with  which  it  is  connecied  by  a  gap  in  the  Grand  Hogback,  through 
which  White  River  flows.  Its  name  is  given  in  commemoration  of  the 
fact  that  Professor  J.  W.  Powell  and  his  party  spent  a  winter  here  during 
his  early  exploration  of  this  region.  It  is  excavated  out  of  the  bad-land 
fitrata  of  the  Wasatch  Group  which  flank  the  Grand  Hogback,  and  pass 
by  a  monoclinal  flexure  beneath  the  hills  which  border  it  to  the  west- 
ward, and  which  are  composed  of  Green  Biver  strata.  This  park  is  only 
foar  or  five  miles  wideft*om  east  to  west;  but  as  it  communicates  with  a 
long  dry  drainage-valley  that  extends  to  the  northward,  and  also  a  simi- 
lar bnt  smaller  one  that  extends  to  the  southward,  its  length  north  and 
8oath  is  great  compa-red  with  its  width,  although  its  boundaries  are  some- 
what indefinite.  The  greater  portion  of  the  irrigable  land  of  the  park 
lies  on  the  north  side  of  the  river,  and  consequently  within  the  limits  of 
this  district.  It  is  Hogback  Valley  that  is  continuous  with  that  portion 
of  Powell's  Park  which  lies  within  this  district,  the  drainage  of  which 
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rifles  at  the  north  side  of  Gray  Hills  and  coarses  along  the  flank  of  tbe 
hogbacks  of  Midland  Flexure  and  thence  parallel  with  tiie  Orand  ELog^ 
back  to  White  Itiver.  This  drainage  carries  a  large  amoaut  of  water  in. 
the  wet  season,  bot  it  becomes  entirely  dry  in  snmmer. 

Below  Powell's  Park  the  blufis  of  the  Green  River  Gronp  come  near 
to  White  River  almost  all  the  way  to  its  confluence  with  the  Green,  so 
that  between  Powell's  Park  and  the  western  side  of  Raven  Park  the 
greater  portion  of  the  width  of  the  valley  is  upon  the  northern  side  of 
the  river.  Betweeu  Powell's  Park  and  Coyote  Basin  the  valley  has  coo- 
siderable  width  on  the  northern  «ide,  and  at  several  places  there  are 
considerable  areas  of  irrigable  land. 

Baven  Park. — A  comparatively  small  uplift,  which  is  separate  from, 
but  accessory  to,  the  Uinta  Uplifts,  crosses  the  valley  of  White  River 
at  a  point  southward  from  Midland  Ridge,  where  it  has  brought  up  to  the 
surface  the  shales  of  the  Colorado  Group;   and  out  of  these  shales 
Raven  Park  has  been  excavated.    The  park  lies  mainly  upon  the  north 
side  of  the  river ;  and  since  the  Raven  Park  Uplift  has  a  quaqua versa! 
dip,  the  park  is  wholly  surrounded  by  an  escarpment  of  Fox  Hills 
strata.    The  park  is  a  small  one;  the  river  traversing  its  southern  por- 
tion, a  comparatively  large  proportion  of  its  surface  may  be  reached  by 
water  from  irrigatingditches  leading  from  the  river  above  its  upper 
limit.    Raven  Park,  like  the  others  before  described,  and  like  many 
other  portions  of  the  valley,  contains  within  its  limits  some  of  those 
broad  benches  or  table-lands  that  have  been  before  mentioned.    They 
are  above  the  reach  of  irrigating  waters  and  occupy  a  large  portion  of 
the  surface  of  this  park.    Aside  from  the  action  of  White  River,  the 
excavation  of  Raven  Park  has  been  mainly  accomplished  by  an  exten- 
sive dry  drainage-creek  that  has  its  rise  many  miles  to  the  northward, 
upon  the  slopes  of  Midland  Ridge.    For  a  distance  of  several  miles 
below  Raven  Park  the  river  valley  is  moderately  narrow,  but  still  there 
are  some  level  bottom-lands  on  each  side  of  the  stream.    Below  thiSt 
almost  all  the  way  to  the  western  border  of  the  district,  the  river  runs 
in  an  almost  continuous,  deep,  narrow  caiion,  which  it  has  excavated 
out  of  the  strata  of  the  Green  River  Group.    The  walls  of  this  canon 
are  always  steep  and  often  perpendicular.    In  some  places  they  are 
nearly  a  thousand  feet  in  height  above  the  river,  and  approach  it  so 
closely  that  it  is  always  difficult,  and  for  many  miles  impracticable  to 
traverse  it  with  a  mule-train. 

Yamfa  RiYEB  Valley. — ^The  Yampa  has  its  origin  by  numerous 
mountain-brooks  that  rise  among  the  granite  gorges  of  the  Park  Range, 
and  also  among  the  Cretaceous  rocks  that  flank  that  range  on  the  west. 
Like  White  River,  the  Yampa  is«  in  its  upper  portion,  a  clear,  cold  trout- 
stream,  its  bed  being  paved  nearly  all  the  way  from  its  source  to  its 
mouth  with  smoothly- worn  drift-pebbles.  The  Yampa  has  only  two 
tributaries  in  this  district,  worthy  of  note,  that  carry  perennial  water. 
These  are  Williams  Fork  and  Milk  Creek,  both  of  which  will  have  fur- 
ther mention  on  subsequent  pages. 

Yampa  Valley,  like  that  of  White  River,  has  its  parks  and  narrower 
spaces  of  low  lands,  but  it  is  most  remarkable  for  its  canons;  not  so 
much  because  it  has  canons  along  its  course  aiS  because  that  river 
seems  from  a  superficial  or  tA>pographical  view  to  run-  where  nature  had 
placed  especial  obstacles  in  its  way,  apparently  giving  no  heed  to  the 
favorable  opportunities  it  seems  to  have  had  for  pursuing  a  peaceful  and 
easy  course. 

Between  the  eastern  border  of  the  district  and  the  confluence  of  Wil- 
liams Fork,  the  valley  of  the  Yamiia  is  a  moderately  broad  one,  the 
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Dortbera  side^  especially,  sloping  gently  up  to  the  high  lands,  while  the 
soathern  side  is  formed  by  the  steeper  slope  of  the  long  high  ridge  that 
constitQtes  the  water-shed  between  the  Yam  pa  and  Williams  Fork. 
The  dip  of  the  strata,  which  are  those  of  the  Laramie  Groap,  is  to  the 
northward,  and  this  portion  of  the  valley  is  therefore  a  monoclinal  one. 
The  widening  of  the  valley  here  is  doubtless  due  to  the  softer  condition 
of  the  strata  of  that  group  in  this  vicinity  than  those  of  the  same  form- 
ation have  farther  southward  and  westward  in  this  district.  Much  of 
the  bottom-laud  of  this  part  of  the  valley  is  irrigable  aud  the  rapid  fall 
of  the  stream  renders  its  irrigation  easily  practicable. 

Near  the  confluence  of  Williams  Fork,  and  for  three  or.  four  miles 
below  that  point,  the  valley  is  narrowed  by  the  encroachment  of  the 
bloffs,  which  are  there  composed  of  the  strata  of  the  Fox  Hills  and  Lar- 
unie  groups,  those  of  the  latter  group  being  less  soft  there  than  they 
are  farther  up  the  valley,  as  before  mentioned.  In  some  places  witbiu 
these  few  miles  of  the  narrowed  valley,  the  sides  are  so  steep  as  to  give 
it  the  character  of  a  canon.  This  is  particularly  the  case  just  a^ve 
C)«noii  Park,  where  the  river  makes  a  very  abrupt  bend  among  the  hills. 

Canon  Park. — This  is  a  very  small  park,  and  is  chiefly  noticeable  be- 
cause of  its  occurrence  in  a  portion  of  the  valley  that  is  otherwise  very 
narrow,  the  sides  of  which  are  steep  and  rocky ;  and  also  because  of  its 
relation  to  the  geological  structure  of  the  neighborhood.  The  occur- 
rence of  this  small  park  here  is  evidently  due  to  the  crossing  of  the 
river  by  a  synclinal  flexure  or  sag  of  the  strata  that  has  thrown  the 
comparatively  soft  strata  of  the  Laramie  and  Wasatch  groups  across 
the  eourse  of  the  valley,  and  out  of  these  the  park  has  been  excavated, 
while  the  harder  strata  of  the  Fox  Hills  and  lower  portion  of  the  Lar- 
amie Group  form  ciinon- walls,  or  high,  steep  valley-sides  above  and  below. 

Between  Canon  Park  and  the  point  where  the  river  makes  its  exit 
tbreagh  the  bluffs  into  Axial  Basin,  which  point  is  about  six  miles  east 
of  Yampa  Mountain,  the  valley  is  tortuous  and  very  narrow,  being,  in 
fact,  a  caiiou  along  the  greater  part  of  the  distance.  The  sides  of  the 
valley  in  this  part  of  its  course  are  so  steep  and  high  that,  except  at 
a  tew  favorable  places,  acces^s  to  the  river  from  the  high  lands  by  a  mule- 
train  is  difficult  or  impossible.  This  portion  of  the  valley  is  excavated 
out  ot  the  strata  of  the  Fox  Hills  and  Laramie  groups,  those  of  the 
former  group  constituting,  in  great  part,  the  south  side,  and  those  of 
the  latter  the  north  side  ot  the  valley. 

Westward  from  the  point  where  the  river  makes  its  exit  through  the 
blnffs  into  Axial  Basin,  it  pursues  a  meandering  course  through  the  ba- 
sin a  distance  that  in  a  straight  line  is  about  six  miles  to  Yampa  Moun- 
tain. Here,  instead  of  passing  into  the  western  portion  of  Axial  Basin 
Ibroni^h  the  comparatively  low  space  at  the  north  side  of  Yampa  Moun- 
tain, it  cuts  through  the  northern  portion  of  that  mountain  by  a  deep 
canon.  After  thus  cutting  through  the  mountain,  the  river  meanders 
through  the  broad  western  portion  of  Axial  Basin  some  15  or  18  miles 
to  Junction  Mountain,  through  which  it  cuts  its  way  by  a  still  deeper 
and  more  precipitous  cailon  than  the  one  by  which  it  passes  through 
Yampa  Mountain.  These  two  mountains  are,  as  before  stated,  isolated 
nptbrusts  of  Paleozoic  rocks  through  surrounding  Cretaceous  strata  that 
lie  exposed  in  the  Axial  Basin,  and  are  located  directly  ui)on  the  line  of 
the  axis  of  the  Uinta  Mountain  chain.  In  neither  case  is  there  ahy  su- 
perficially apparent  reason  why  the  river  should  not  have  run  around, 
instead  of  through  the  mountain,  for  the  surface  arouml  the  base  of 
each  of  them  has  only  a  comparatively  slight  elevation  above  the  sur- 
face of  the  river,  amounting,  indeed,  to  only  a  firaction  of  the  height  of 
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the  cailon- walls.  Moreover,  the  sarronndiDg  rocks  are  among  the  soft- 
est that  occar  in  the  region,  while  those  which  form  the  mass  of  the 
mountains,  and,  conseqeutly,  the  canon-walls,  are  the  hardest ;  and  it  W 
not  probable  that  these  relative  conditions  have  materiaUy  chaogfed 
since  the  canons  were  cut. 

There  is  a  considerable  amount  of  irrigable  land  in  the  immediate 
vicinity  of  the  river,  in  Axial  Basin,  both  above  and  below  Yampa 
Mountain;  but  a  very  large  part  of  the  surface  of  even  the  lower  por- 
tion of  the  basin  is  above  the  reach  of  irrigating-waters. 

Lily^s  Park, — ^This  park  lies  between  Junction  Mountain  and  the  east- 
ern eud  of  the  Uinta  Mountain  chain,  and  is  continuous  with  Axial  Ba- 
sin around  both  the  northern  and  southern  sides  of  Junction  Moant- 
aiu.  It  is  here  that  Snake  River  has  its  confluence  with  the  Yampa, 
the  former  river  passins:  between  Junction  Mountain  and  the  east- 
ern end  of  the  Uinta  Uplift  proper.  After  passing  through  Lily's 
Park  a  distance  of  six  or  seven  miles,  and  receiving  the  influx  of  Snake 
Biver,  Yampa  Biver  cuts  through  a  line  of  hogbacks  composed  of  Tri- 
assic  strata,  and  then  almost  immediately  enters  Yampa  Canon,  pres- 
ently to  be  described.  Lily's  Park  embraces  quite  a  large  area  of  land 
that  may  be  irrigated  from  both  the  Yampa  and  Snake  Bivers.  Al- 
though smfldi,  it  is  doubtless  the  finest  body  of  irrigable  land  within  the 
district. 

Yampa  Canon. — ^If  it  were  not  for  the  existence  of  the  much  greater 
and  grander  caflons  of  Che  Green  and  Colorado  Bivers,  Yampa  Canon 
would  be  worthy  of  renown  for  its  great  length  and  depth.  This  canon 
begins  at  tlie  eastern  end  of  the  Uinta  Uplift  and  ends  at  Echo  Park, 
where  the  Yampa  has  its  confluence  with  Green  Biver.  The  distance 
in  a  straight  line  from  its  eastern  to  its  western  end  is  about  25  miles,  but 
its  tortuous  course  makes  its  actual  length  much  greater.  Its  general 
course  is  ea«t  and  west  and  near  the  northern  boundary-line  of  this  dis- 
trict, but  it  passes  to  the  north  of  that  boundary-line  a  few  miles  be- 
fore it  reaches  Green  Biver.  Its  course  is  along  the  southern  side  of 
the  south  flexure  of  the  axial  portion  of  the  great  Uinta  Uplift,  and 
approximately  parallel  with  the  synclioal  flexure  between  the  Plateau 
and  Uinta  Uplifts  that  I  have  called  the  Yampa  Flexure.  Along  the 
greater  part  of  its  length  the  canon-walls  are  nearly  or  quite  perpen- 
dicular, aud  often  more  than  a  thousand  feet  in  height  above  the  sur- 
face of  the  river. 

As  one  stands  upon  the  north  side  of  Yampa  Plateau,  at  the  southern 
brink  of  Bed  Bock  Basin,  the  bottom  of  which  is  about  2,000  feet  be- 
neath him,  looking  northward  over  and  beyond  the  basin,  upon  the 
broail  mountain  slope  that  forms  its  high  northern  side,  he  gets  only 
occasional  glimpses  of  the  position  of  the  canon  as  it  meanders  through 
that  great  rugged  surface.  So  sharply  perpendicular  are  the  walls  of 
the  caiion  on  either  side  that  the  observer  from  the  point  mentioned  not 
only  sees  it  imperfectly,  even  when  it  is  at  all  visible,  but  even  when  he  has 
clambered  over  the  rugged  cliffs  that  rise  around  the  canon,  he  hardly 
realizes  its  presence  in  the  neighborhood  until  he  comes  upon  its  verge 
and  finds  himself  at  a  dizzy  height  above  the  rushing,  roaring  river  at 
its  bottom — so  high  that  the  river  looks  like  a  brooklet,  and  its  roariog 
is  changed  to  a  faint  murmer  before  it  reaches  the  ear.  These  are 
among  the  grander  and  more  impressive  scenes  which  this  region 
afiord^,  and  once  witnessed  will  never  be  forgotten. 

Williams  Fork — This  stream,  although  a  small  one,  Is  the  principal 
tributary  of  the  Yampa  within  this  district.  It  rises  among  the  ravines 
of  the  western  side  of  White  Biver  Plateau  and  flows  across  the  north- 
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em  corner  of  the  district  Along  this  portion  of  its  course  it  runs  in  a 
T^'  narrow  valley  bordered  by  hills^  the  most  of  which  are  composed 
<rf  strata  of  the  Fox  Hills  Group.  From  the  eastern  border  of  the  dis- 
trict to  theconflnence  of  a  small  branch  that  flows  from  near  the  eastern 
eud  of  Axial  Basin,  its  course  is  nearly  parallel  with  and  upon  the 
north  side  of  an  anticlinal  axis  which  produces  upon  its  southern  side  a 
short,  irregular  line  of  hogbacks.  From  the  confluence  of  the  branch 
just  mentioned  to  its  own  confluence  with  the  Yampa,  the  course  of 
Williams  Fork  is  northward  and  through  a  deep  narrow  valley  or 
canon.  This  portion  of  its  valley  has  been  carved  out  of  the  strata  of 
the  Fox  Hills  Group,  the  river  running  almost  directly  upon  the  axis 
of  a  comparatively  short  anticlinal  spur  that  extends  noithward  from 
the  place  of  blending  of  the  Uinta  and  Park  Bange  flexures. 

Milk  Creek. — ^This  creek  rises  by  several  branches,  some  of  them  drain- 
ing the  northern  side  of  Danforth  Hills,  but  the  main  one  rises  near 
the  easU^m  border  of  the  district.  It  is  insignificant  in  size,  bat  it  de- 
rives importance  in  this  dry  region  irom  the  fact  that  it  contains  per- 
ennial water.  It  is  also  worthy  of  esi>ecial  notice  because,  although  so 
fimall  a  stream,  it  affords  a  good  example  of  antecedent  drainaga  The 
principal  branch  just  referred  to  flows  northwestwardly  through  the 
eastern  end  of  the  eastern  portion  of  Axial  Basin,  but  instead  of  pur- 
suing its  course  westwardly  down  the  basin  to  join  the  Yampa  where 
that  river  enters  it,  the  creek  cuts  through  the  bluffs  that  form  the 
northern  side  of  the  basin  and  flows  through  a  canon  carved  out  of  the 
sandstones  of  the  Fox  Hills  Group  and  joins  the  Tampa  where  that 
river  i.i  itself  running  in  a  similar  caiion. 

Gbeen  Biveb  Valley. — Green  Eiver  being  the  largest  of  those 
Btreaois  that  unite  to  make  up  the  great  Colorado  Biver  of  the  West, 
is,  properly  speaking,  the  upper  portion  of  that  great  river  itself,  and 
'OQgbt  not  to  have  received  a  separate  name  j  but  having  received  it, 
eostom  renders  a  change  impracticable.  It  is  into  Green  Biver  that 
tbe  whole  drainage  of  this  district  passes,  either  directly  or  indirectly; 
hot  tbe  river  itself  traverses  only  the  northwestern  corner  of  the  dis- 
trict, entering  it  at  Island  Park  and  leaving  it  about  midway  of  the 
western  boundary.  This  portion  of  the  river's  course  is  quite  tortuous, 
aod  it  passes  through  one  remarkable  canon,  that  of  Split  Mountain;  but 
below  this  it  passes  through  a  broad  open  valley. 

Island  Park  lies  in  the  sag  or  dipping  synclinal  between  Split  Moun- 
tain and  the  main  fold  of  the  Uinta  Uplift,  and  is  thus  bounded  by  high 
Doontains  on  all  except  the  western  side.  The  park  may  be  said  to 
eoDtain  about  ten  square  miles,  but  the  amount  of  irrigable  land  within 
its  limits  is  very  much  less ;  still,  there  is  sufficient  for  the  purposes  of 
a  small  farming  neighborhood,  whenever  it  may  be  desired  by  settlers. 
Tbe  river  here  divides  into  several  channels,  and,  quickly  uniting,  sev- 
eral small  islands  are  formed,  from  which  the  park  has  received  its 
name,  and  which  add  a  feature  of  beauty  to  that  small,  secluded  dis- 
trict. 

Split  Mountain  Canon. — As  Green  Biver  makes  its  exit  from  one  of 
its  great  canons  through  the  Uinta  Mountains  immediately  upon  enter- 
ing Island  Park,  sq  it  enters  another  great  canon,  that  of  Split  Moun- 
tain, immediately  upon  leaving  the  park.  Split  Mountain,  as  has  already 
been  shown,  is  a  large  mountain  spur  from  the  western  end  of  Yampa 
Plateau,  and  it  has  received  this  name  because  it  is  cleft  entirely 
tbroagh,  and  from  top  to  base,  by  the  canon.  The  walls  of  the  caiion 
are  everywhere  ))recipitous  9>ud  in  large  part  perpendicular,  and  are 
composed  of  Carboniferous  limestones  and  sandstones.    Its  length  is 
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upward  of  six  miles,  and  the  maxim  am  height  of  its  walls  is  nearlj* 
3,000  feet.    The  view  from  the  top  of  Split  Mountain,  upon  the  westerns 
verge  of  the  canon,  is  impressive  in  the  extreme.    The  rushing  ri^'er^ 
more  thiin  half  a  mile  beneath  the  observer's  feet,  appears  like  a   l>al^ 
bling  brook ;  and,  although  securely  poised,  many  minutes  elapse  before 
he  can  command  his  nerves  to  sufficient  composure  for  a  calm  snrrejr  of 
the  terrible  chasm.    Immediately  to  the  north  of  this  point  of  ol>»er- 
vation.  lies  the  main  range  of  Uinta  Mountains,  and  to  the  east    the 
broad  Tampa  Plateau.    A  broad  expanse  of  lower  lands  stretches  out 
to  the  southward  and  westward,  upon  the  surface  of  which  the  struct- 
ural geology  of  the  region  is  shown  with  all  the  distinctness  of  a  %^ell- 
drawn  geological  map,  so  slightly  are  the  strata  of  the  tbrmations  ob- 
scured by  vegetation,  soil,  or  dSbriSj  and  so  vivid  are  the  various  colors 
of  the  rocks  which  compose  them. 

WoNsiTZ  Valley. — The  broad  portion  of  the  valley  of  Green  River, 
which  lies  adjacent  to  this  district,  has  been  called  Wonsitz  Valley  by 
Professor  Powell.  Although,  when  viewed  from  the  adjacent  moau- 
tains,  its  surface  appears  to  be  only  slightly  elevated  above  the  river,  it 
is  nevertheless  true  that  comparatively  little  of  its  surface  is  witbia 
reach  of  irrigating-waters.  The  greater  part  of  the  surface  that  is  thus 
irrigable  lies  upon  the  west  side  of  the  river  and  beyond  the  limits  of 
this  district;  but  still  many  valuable  farms  might  be  established  within 
its  limits  and  irrigated  from  Green  Eiver. 
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CHAPTER    III. 


CLABSIPICA.TIOU,  X^ESCRIPTION,  AKD  DISCUSSION  OF  THE 

GROUPS  OF  STRATA, 

The  formcktioiis  of  tliis  district  present  essentially  a.n  unbroken  series 
from  the  V7el>er  Quartzite,  wbich  lies  immediately  beneath  the  Oarbon- 
iferona  series,  l>iit.  is  itself  probably  of  older  Paleozoic  age,  to  the  Uinta 
Group,  wbicli  is  tlie  latest  of  the  fresh-water  Tertiary  deposits  of  that 
region,  inclosive. 

The  acGompskoying  illnstration,  Fig.  — ,  is  intended  to  represent  in 
their  order  a  geueral  section  of  these  groups  of  strata,  as  they  are  de- 
veloped or  e:xpo8ed.  in  this  district,  to  which  area  alone  the  thickness 
assigned  to  e^M^li  is  intended  to  apply.  Follovving  this  illustration  is  a 
brief  description  of  each  of  the  groups  represented  by  it,  which  is  in- 
tended for  Tuore  immediate  reference  in  connection  with  the  figure ;  but 
more  detailed  descriptions  of  the  groups  will  appear  where  tbey  are 
disettssed  on  following  pages. 

£XPI«ANATTON  OF  THB  SECTION.     Fig,  1. 

'Ko.  1.  Uinta  Grouj^* — ^Fine  and  coarse-grained  friable  sandstones,  with  intermixed 

kvel  in  some  places,  forming  a  conglomerate  ;  distinctly  or  obscurely  stratitied ;  The 

kterials  composiDg  the  strata  in  some  places  nearly  or  qnite  incoherent.    General 

jMct  f^ray  or  doll  brownish  red.    Unconformable  by  sequence  upon  the  other  Tertiary, 

JUfe<i  several  of  the  older  gronps  in  the  district.    Thickness  aboot  1,200  feet. 

Ko.  2.  Bridget  Oraup, — Variegated  ;  reddisb,  grayish,  greenish,  and  purple  bad-land 
tBWidfftonfiO      Thickness  exposed  in  this  district  only  about  100  feet. 

Ko.  3.  Green  Miver  Chrovp. — Upper  division  consisting  of  irregularly -bedded  sand- 
stooes,  often  concretionary,  with  occasional  laminated  carbonaceous  layers.  Lower 
diwision  oonsisting  of  laminated  sandy  shales  or  thin-bedded  sandstones.  Sometimes 
finely  laminated  shales  wbich  are  more  or  less  calcareous,  and  occasional  dark  carbona- 
eeons  layers  are  interspersed.  Maximum  thickness  of  both  divisions  about  1,400  feet. 
Ko.  4.  Wasatch  Grovp. — Alternating  foft  and  harder  sandstones  at  top  hud  base,  be- 
't'vreen  ivrbich  the  greater  part  of  the  group  is  made  up  of  soft  variegated  bad-land  sand- 
stones. These  bad-land  sandstones  are  generally  somewhat  softer  in  the  eastern  than 
in  tfae  ^reetem  part  of  the  district.    Thickness  a'  out  2,000  feet. 

Ko.  5.  Laramie  Group, — Sandstones  ;  thinly  bedded,  or  in  some  places  more  heavily 
It^ddecl,  and  forming  hogbacks  at  many  of  the  flexures  of  that  formation  in  the  district. 
Color  sometimes  reddish-ferruginous,  and  sometimes  of  the  usual  dirty  yellowish  or 
IC;rayiab  hne ;  variegated  in  places  by  carbonaceous  layers,  and  beds  of  coal.  Thick- 
x»ess  aboot  3,500  feet,  bat  in  some  places  probably  less. 

No.  6.  Fox  Hills  Grovp. — Sandstones,  beavily  or  thinly  bedded;  or  sandy  shales. 
Often  weathering  so  soft  at  the  base  of  the  group  as  to  obscare  any  line  of  demarca- 
taon  between  it  and  the  next  beneath.    Thickness  about  1,800  feet. 

Ko.  7.  Colorado  Group, — Dark-colored  shales,  clayey  or  sometimes  quite  sandy ;  with 
occasional  thin  layers  of  sandstone.  Thickness  about  2,000  feet  in  the  eastern  part  of 
-tbe  flistrict  and  much  less  in  the  western  part. 

No.  B.  Dakota  Group, — Yellowish  or  brownish  rough  sandstones  above ;  irregularly 
bedded  pebble  conglomerate  below ;  and  between  these  there  is  usually  a  greater  or 
lees  thickness  of  variegated  sandstone.    Thickness  ifibout  500  feet. 

Ko.  9.  Jurassic. — ^Variegated,  soft,  bad-land  sandstones  with  some  strata  of  m'^re  in- 
durated sandstone,  and  usually  from  10  io  15  feet  in  thickness  of  shaly,  sandy,  and 
caleareoDS,  fossiliferons  rock  near  its  base.    Thickness  about  600  feet. 

Ko.  10.  Triassiof —  Yellowish,  obliquely-laminated  firm  sandstones  above;  yellowish, 
moit  sandstones  below,  and  between  them  a  series  of  bright  red  or  brownish  red,  more  or 
ss  firm  sandstones.    Thickness  about  2,000  feet. 
No.  11.  Upper  Carboniferous, — ^l/regularly  bedded,  light-yellowish  sandstones  with 
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oocasioual  calcareons  layers,  the  saDdstone  layers  often  containiog  masses  and  nodol^ 
of  chert.    Thickness  about  600  feet. 

No.  12.  Middle  Carboniferous. — Compact,  blaish  fossiliferons  limestone,  heavily  q^ 
thinly  bedded,  alternating  in  some  places  with  strata  that  are  sandy  and  ferruginoafli 
Thickness  about  1,000  feet. 

'  No.  13.  Lower  Carboniferous. — ^Massive  layers  of  limestone  alternating  with  those  cd 
sandstone  and  sandy  limestone ;  all  more  or  less  fermcinons,  generally  presenting  • 
reddish-brown  aspect ;  and  all  nsnally  regnlarly  bedded.    Thickness  about  1,&0(>  feet* 

No.  14.  Uinta  sandstone,— r^naaive  or  thinly  bedded,  brick-red  or  more  usually  brown- 
ish-red sandstones ;  usually  hard  and  often  quartzitic.  Thickness,  exposed  in  thlt 
district,  only  about  400  feet ;  but  the  group  reaches  a  thickness  of  nearly  or  quite  IS^OCO 
feet  in  the  Uinta  Mountains  only  a  few  miles  from  this  district. 

The  districts  sarroauding  the  one  here  reported  upon  have,  within  the 
last  few  yearSy  been  geologically  surveyed  by  different  persons.    That 
which  adjoins  it  on  the  west  has  been  reported  upon  by  Professor  Powell 
in  his  ^'  Geology  of  the  Uinta  Mountains.'^    A  geological  map  of  the  dia- 
trict  which  adjoins  this  one  upon  the  north  has  been  prepared  by  Mr. 
Clarence  King  during  the  progress  of  the  United  States  Geological  Sar* 
vey  of  the  Fortieth  Parallel.    Reports,  to  be  published  simultaneously 
with  this,  are  in  course  of  preparation  by  the  other  geologists  of  the 
United  States  Geological  Survey  of  the  Territories,  on  the  other  districts 
which  adjoin  this  one.    A  few  copies  of  Mr.  King's  map  have  been  dis- 
tributed to  different  persons  and  institutions  in  advance  of  a  geological 
report  which  is  no  doubt  intended  to  accompany  it.    An  examination  of 
this  map  shows  that  the  author  has,  in  the  main,  adopted  the  classifica- 
tion of  the  strata  which  he  hnds  exposed  in  that  district,  which  has  long 
been  in  use  by  Dr.  Hayden  in  his  reports ;  but  with  certain  modifica- 
tions in  some  cases.    As  no  text  yet  accompanies  Mr.  King's  map,  I  am, 
in  some  cases,  in  doubt  as  to  the  intended  limits  of  the  respective  gioaps 
of  strata  that  are  there  named  and  represented  by  colors.    Having,  how- 
ever, made  some  personal  examination  of  a  large  part  of  the  region  rep- 
resented by  that  map,  I  think  I  do  not  incorrectly  represent  its  intent 
in  the  following  table  of  general  sections.    A  large  proportion  of  the 
names  of  the  different  groups  of  strata  which  are  used  in  this  report  are, 
by  the  custom  of  priority  in  such  cases,  adopted  from  Mr.  King's  map, 
which  is  regarded  as  having  been  published  in  I^ovember,  1875.    Mr. 
King's  name,  ^^  Laramie  Group,"  although  it  is  understood  to  embrace 
strata  that  have  previously  received  other  names  in  different  parts  of 
the  great  Kocky  Mountain  region,  is  retained  because  of  its  more  com- 
prehensive application  as  indicating  a  great  period  in  geological  history, 
which  is  epochally  represented  by  the  Fort  Union,  Judith  Biver,  Lig- 
nitic,  and  other  series  of  beds. 

Dr.  Hayden's  name,  **  Wasatch  Group,"  has,  however,  priority  of  pub- 
lication over  Mr.  King's  name,  "Vermilion  Creek  Group,"  and  also  over 
Professor  Powell's  name,  "  Bitter  Creek  Group,"  and  I  therefore  adopt 
the  first-mentioned  name.  I  adopt  the  name  "  Weber  Quartzite"  of  Mr. 
King  for  thegreat  formation  that  Professor  Powell  has  called  the  ^^  Uinta 
Sandstone,"  but  not  being  in  possession  of  Mr.  King's  facts,  I  am  not  yet 
prepared  to  adopt  his  reference  of  it  to  the  Carboniferous  age.  Al- 
though the  typical  locality  of  the  Lodore  Group,  which  Professor  Powell 
represents  a«  existing  at  the  base  of  the  Carboniferous  series  and  above 
the  Uinta  Qfuartzite,  is  near  the  northern  border  of  the  district  here  re- 
ported on,  it  does  not  occur  within  its  limits.  Professor  Powell's  sec- 
tion alone,  therefore,  represents  it  in  the  table. 

Although  Mr.  King  has  not  upon  his  map  recognized  the  deposit  called 
"  Brown's  Park  Group"  by  Professor  Powell  as  separate  from  the  Green 
Biver  Group,  north  of  an  east  and  west  line  that  may  be  made  to  pass 
through  the  southern  base  of  the  great  Uinta  fold,  a  careful  comparisoQ 
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of  those  deposits  on  both  sides  of  the  Uinta  Moantains  has  left  no  doubt 
on  my  mind  of  their  identity.  I  therefore  adopt  Mr.  Kinp^'s  name ''  Uinta 
Groop,''  instead  of  Professor  Powell's  name  *'  Brown's  Park  Group." 

While  adopting  the  nJime  "Colorado  Group"  of  Mr.  King,  I,  for  pale- 
ootological  reasons  chiefly,  so  restrict  its  application  as  to  include  only 
what  I  understand  to  he  equivalent  with  Nos.  2  and  3  of  Meek  and  Hay- 
detfs  original  section,  leaving  the  equivalent  of  No.  4  to  be  included 
with  the  strata  of  the  Fox  Hills  Group,  instead  of  with  the  Colorado 
Group,  as  Mr.  King  has  done. 

The  following  table  of  general  sections,  as  may  be  seen  at  a  glance, 
»  designed  to  show  the  correlation  of  the  different  groups  named  by  the 
several  anthers,  as  I  understand  them.  The  first  column  represents  the 
section  that  was  many  years  ago  prepared  by  Messrs.  Meek  and  Hayden 
for  the  Mesozoio  rocks  of  the  Upper  Missouri  River  region ;  the  second 
embraces  the  names  of  the  Tertiary  and  Post- Cretaceous  Groups  of 
Wyoming,  Colorado,  and  Utah  that  have,  from  time  to  time,  been  proposed 
bj.Dr.  Hayden ;  the  third  has  been  compiled  from  Mr.  King's  map  bf 
the  Green  Biver  Basin,  that  has  already  been  referred  to ;  the  fourth 
is  the  classification  proposed  by  Professor  Powell  in  his  Report  on  the 
Gfology  of  the  Uinta  Mountains ;  and  the  fifth  is  the  classification  of  the 
locks  of  this  district  which  I  have  adopted  in  this  report. 
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TMe  of  correlated  general  sections,* 


MIRK  AND  HAT- 
D£N. 

HATDSN. 

EUXQ. 

PpWEI.I^ 

WHITK. 

• 

H 

PUoceue. 

Uinta. 

Brown's  Paik. 

Uinta. 

Bridger. 

Bridger. 

Bridger. 

Bridger. 

Green  River. 

Green  River. 

U.  Green  River. 
L.  Green  River. 

Green  River. 

1 

Wftsatcb. 

Vermilion  Creek 

Bitter  Creek. 

Wasatch. 

Lignitio. 

Lignitio. 

Laramie. 

Laramie. 

f 

Poet 
Croc 

Point  of  Rocks. 

£ 

Fox  HiUs. 
No.  5. 

Fox  HUls. 

Salt  Wells. 

Fox  Hills. 

1 

e 

m 

• 

Fort  Pierre. 
No.  4. 

Colorado. 

Niobrara. 
No.  a 

Solphnr  Creek. 

Colorado. 

Fort  Beoton. 
No.  8. 

Dakoto. 
No.L 

Dakota. 

Henry's  Fork. 

Dakota. 

•s 

H 

i 

a 
►9 

Jurassic 

Jnrassio. 

Jurassic. 

Flaming  Gorge. 

Jnrautsic. 

1 

o 

§ 
3 

0 

• 

• 

Triossic 

Triassiof 

Triassio. 

Triassicf 

• 

Triassic  7 

Carboniferous. 

Permo-Carb. 

TJ.  Aubrey. 

Upper  Carb. 

Coal-Measures. 

L.  Aubrey. 

Middle  Carb. 

Rod  Wall. 

Lower  Carb, 

Weber  Qaartzitp. 

Lodore. 

Weber  Quartz- 
ite. 

Uinta  sandfitnne 

*'The  right-hand  narrow  coiamn  is  intended  to  indicate  the  higher  groups  of  my  own 
clavssification.  while  the  corresponding  left-hand  one  represents  that  of  the  other  au- 
thors as  I  anderstand  them. 

t  See  discussion  of  the  name  "  Post-Cretaceous/'  on  a  subsequent  page. 
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The  colomns  of  this  table  are  arranged  in  the  order  of  time  of  their 
poblieatiou,  begiuDing  at  the  left.  The  horizontal  arrangement  of  the 
wp^ofiR  within  which  the  names  of  the  groups  of  strata  are  placed  is  in- 
tended to  represent  their  correlation ;  while  the  spaces  themselves  rep- 
meot  simply  approximate  coordination,  the  relative  breadth  of  each 
space  having  no  reference  to  the  relative  thickness  of  each  group. 

'    THE  SILURIAN  SYSTEM. 

No  other  strata  than  those  of  the  Weber  Quartzite  in  this  district  are 
Deferred  to  Silurian  age ;  and,  as  has  already  been  shown,  this  great 
formation  has  been  only  provisionally  so  referred. 

*  THE  WEBEB  QUABTZITE. 

This  formation  is  usually  of  a  dull  brickred  or  reddish-brown  color, 
and  has  a  pecnliar  sombre  aspect,  especially  as  seen  in  the  deep  canons 
that  have  been  eroded  through  it  in  the  Uinta  Mountain  region.  The 
Gratification  is  always  distinct,  the  strata  more  or  less  regularly  bedded ; 
sometimes  massive,  sometimes  in  thin  layers,  and  occasionally  in  the 
eoudition  of  sandy  shales.  Sometimes  it  is  in  the  condition  of  a  com- 
mon, but  firm,  sandstone,  the  grains  being  distinctly  definable ;  but 
oftener  the  grains  are  so  compacted  by  partial  metamorphism  as  to  give 
the  rock  the  character  of  a  true  quartzite.  In  its  common  sandstone 
condition  it  is  almost  always  harder  than  the  sandstones  of  the  Carbon- 
iferoQS  and  Mesozoic  groups  of  that  region  usually  are.  So  far  as  I 
am  aware,  no  fossils  of  any  kind  have  ever  been  discovered  in  any  part 
of  this  great  formation ;  and  its  true  geological  age  is  therefore  un- 
koown. 

Cipon  his  map,  before  referred  to,  Mr.  King  assigns  this  group  to  the 
Carboniferous  system. 

Dr.  Uayden,  several  years  ago,  suggested  the  Silorian  age  of  this 
great  group,  as  did  also  Professor  Marsh,  who  visited  the  region  after- 
ward. With  this  judgment,  I  am  disposed  to  agree ;  but  as  t)efore  in- 
timated, its  geological  age  cannot  be  definitely  known  without  the  aid 
of  fossils.  I'rofessor  Powell  has  suggested  the  Devonian  age  of  the 
Weber  Quartzite,  in  connection  with  his  statement  of  the  unconform- 
itj  of  the  true  Carboniferous  strata  upon  it.  With  this  statement  as 
toitauDconformity  with  the  Oarboniferous,  I  also  agree;  but  accord- 
ing to  my  own  observation  the  nnconformity  is  usually  so  slight  that 
it  may  easily  be  overlooked.  Furthermore,  at  all  observed  places  in  this 
district,  as  well  as  within  a  large  area  outside  of  it,  the  strata  of  the 
Lower  Carboniferous  rest  directly  upon  the-  Uinta  sandstone,  those  of 
the  Lodore  Group  being  absent  The  Lower  Carboniferous  strata  are 
often  80  very  like  those  of  the  Weber  Quartzite  in  general  aspect  that 
a  casaal  observer  would  be  in  danger  of  confounding  one  with  the  other, 
especially  if  the  unconformity  should  be,  as  it  generally  is,  slight  or 
obiicare. 

There  are  two  or  three  localities,  just  where  some  deep  dry-drainage 
caiioDs  open  into  Bed  Bock  Basin  at  the  north  side  of  Yam  pa  Plateau 
by  catting  across  the  Yam  pa  Flexure  there,  where  some  of  the  upper 
Btmta  of  the  Weber  Quartzite  are  probably  exposed ;  but  for  reasons 
already  stated  I  am  not  entirely  satisfied  on  this  point,  and  therefore 
refer  those  strata  to  the  Lower  Carboniferous. 

Strata  of  this  group  are  well  exposed  in  the  walls  of  the  canon  by 
which  the  Yampa  passes  through  Junction  Mountain,  and  they  are  also 
lar^^ely  exposed  in  the  southern  half  of  Yampa  Mountain,  which  lies 
8ome  fifteen  miles  to  the  eastward  of  Junction  Mountain. 
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GABBONIFEBOUS  SYSTEM. 

The  pecaliar  characteristics  of  those  fc^roaps  of  strata  which  are  abnn- 
dautly  developed  in  the  great  Rocky  Moautain  regioD,  and  which  have 
been,  by  all  geologists  who  have  exanained  them,  referred  to  the  Gar- 
boniferoas  age,  leave  no  doubt  as  to  the  correctness  of  that  reference. 
It  is,  however,  true  that  the  three  great  divisions  of  the  system,  the 
Subcarboniferous,  Garboniferous  or  Goal- Measures,  and  Permian,  which 
are  recognized  in  Europe  and  also,  in  part  at  least,  in  the  interior  reg^ion 
of  North  America,  are  not  recognizable  as  such  in  the  western  portion 
of  the  continent,  with  the  possible  exception  of  the  Subcarboniferoua 
division,  as  distinct  from  the  remainder.  There  seems  indeed  to  be  no 
good  reason  why  we  should  expect  to  find  this  to  be  the  case,  because 
the  markingoff  of  a  system  of  rocks  into  groups  and  formations,  as  well 
as  the  modifications  of  the  then  existing  forms  of  life,  the  remains  of 
which  are  now  found  to  characterize  those  formations,  was  due  to  the 
then  prevailiug  physical  conditions,  and  their  periodical  changes,  the 
former  of  which  we  have  no  reason  to  suppose  could  have  been  universal 
nor  tbe  latter  simultaneous  in  different  parts  of  the  world.  The  coal- 
making  condition,  which  was  remarkably  characteristic  of  the  Garbon- 
iferous  age  in  Burope  and  Eastern  North  America,  seems  not  to  have 
existed  at  all, or  only  in  an  exceedingly  slight  degree,  in  what  is  now  the 
great  Eocky  Mountain  region,  during  any  part  of  this  great  geological 
age.  During  the  whole  of  that  age,  the  deposits  there  seem  to  have 
been  wholly  marine,  and  to  have  been  largely  formed  in  comparatively 
shallow  waters. 

The  Garboniferons  strata  of  that  western  region  are,  it  is  true,  marked 
off  into  groups,  but  they  are  not  marked  off  in  the  same  manner  that 
they  are  in  Europe  and  Eastern  North  America;  and  there  ought  to  be 
no  strained  effort  made  to  require  those  of  the  latter  regions  to  corre- 
spond with  those  of  the  former,  for  they  are  not  separated  from  each 
other  by  similar  faunal  and  floral  differences.    There  seems  to  be  very 
little  reason  to  doubt  that  the  whole  of  the  Garboniferons  age  is  repre- 
sented by  the  deposits  referred  to  in  Western  North  America,  although 
the  types  of  fossils  they  contain  are  seldom  if  ever  of  such  a  charact<*r 
as  to  warrant  their  distinctive  reference  to  either  the  Subcarboniferous, 
Garboniferons,  or  Permian  periods  of  the  age.    On  the  contrary,  the 
types  that  are  relied  upon  in  Europe,  and  also  others  that  are  similarly 
relied  upon  in  the  eastern  portion  of  North  America,  to  prove  the  Sub- 
carboniferous  age  of  the  strata  containing  them,  are  here  found  intimately 
associated  with  an  abundance  of  those  forms  that  are  equally  charac- 
teristic of  the  Garboniferous  or  Goal-Measure  period,  and  even  with 
some  of  Permian  type.    Furthermore,  the  uppermost  division  of  the 
Garboniferous  strata  in  this  far  western  region,  which  probably  repre- 
sents in  time  the  Permian  Group  of  Europe,  has  not,  to  iny  knowl- 
edge, been  found  to  contain  a  single  faunal  type  that  is  in  any  proper 
sense  characteristic  of  the  Permian  period  as  distinct  from  the  Middle 
or  Goal-Measure  period.    Therefore,  in  this  report  at  least,  I  shall  make 
no  attempt  to  refer  any  of  the  Garboniferous  strata  of  this  great  regioo 
to  either  of  the  three  divisions  originally  established  for  the  system ; 
but  I  shall  regard  all  the  groups  that  have  been  named  in  the  foregoing 
sections  and  elsewhere  in  this  report  as  purely  stratigraphical  divisions, 
and  probably  inseparable  from  each  other  on  paleontological  grounds. 
This  statement  will  explain  why  so  little  reference  is  had  to  paleonto- 
logical characteristics  in  the  following  account  of  the  Garboniferons 
groups.   It  is  proper  to  mention,  however,  that  from  somewhat  restricted 
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exposures  of  strata  at  a  very  few  points  in  Ne<^ada,  Colorado,  and 
Idaho,  collections  of  fossils  have  been  made  that  are  not  only  specifically 
difftirent  from  those  which  are  so  widely  distributed  in  the  Garboii- 
iferoQs  rocks  of  that  great  region,  but  they  are  in  part  specifically 
identical  with  some  that  are  found  only  in  the  Snbcarboniferous  strata 
of  the  States  of  the  Mississii>pi  Valley.  The  first  of  the  following 
groopa  mentioned,  however,  is  not  to  be  here  regarded  as  distinctively 
Sabcarboniferoas,  although  it  may  be  so  in  fact,  so  far  as  anything  is 
known  to  the  contrary. 

THE  LOWKB  OACBONIFEBOUS  GROUP. 

In  some  parts  of  the  great  Bocky  Mountain  region  other  observers  have 
made  oat  satisfactory  lithological  distinctions  between  the  Lower  and 
Middle  Carboniferous  Groups;  but  within  the  limits  of  this  district  the 
Hoe  of  demarcation  is  so  indefinite  that  I  was  not  able  to  do  more  than 
make  oat  a  general  separation  of  the  two  groups.  I  nowhere  found  any 
well-marked  line  of  separation,  and  there  being,  as  before  stated,  no 
safficient  paleontologieal  distinction  between  the  two  groups,  very  few 
characteristics  can  1^  named  as  separating  them  from  each  other. 

The  Lower  Carboniferous  Group  in  this  district  consists  of  a  large  pro- 
portioo  of  compact  limestone  strata  that  are  usually  more  or  less  fossil- 
iferoQS,  alternating  with  layers  of  sandstone  that  are  also  usually  some- 
what calcareous.  In  general  aspect  this  formation  is  of  an  indefinite 
reddish-brown  or  ferruginous  color,  ofticn  like  that  of  the  Weber  Quartz- 
ite.  The  strata  of  this  group  are  well  exposed  along  the  northern 
border  of  the  eastern  half  of  the  Yampa  Plateau,  and  also  in  tluuction 
UoQDtain,  of  which  mountain  it  forms  a  large  proportion.  It  is  there 
seen  resting  upon  the  Weber  Quartzite^  and  in  turn  underlying  the  Mid- 
dle Carboniferous.  In  Yampa  Mountain,  which  is  largely  com])osed  of 
the  Weber  Quartzite,  the  Lower  Carboniferous  is  not  satisfactorily  sep- 
arable from  the  middle  group. 

THE  MIDDLE  OABBONIPEBOUS  GEOtTP. 

In  this  district,  as  before  stated,  the  Middle  Carboniferous  Group  is 
separable  from  the  Lower  only  in  aspect,  and  by  some  general  lithological 
characteristics.  The  greater  proportion  of  the  bluish-gray  limestones 
which  it  contains  gives  it  a  lighter  aspect  than  that  of  the  Lower,  and 
distinguishes  it  also  from  the  sandy  strata  of  the  overlying  Upper  (3ar- 
buDiferous  Group.  It  is  more  fossiliferous  than  either  of  the  other  two 
dirisioDs  of  the  Carboniferous  system  in  this  district;  but  in  consequence 
of  the  compact  and  cherty  character  of  the  rock,  the  fossils  are  seldom 
well  preserved.  The  limestones  of  this  group,  besides  being  chertj,  are 
often  unevenly  bedded.  As  a  rule,  they  lack  those  marly  and  carbona- 
i^QS  or  clayey  layers  of  shale  that  so  commonly  separate  the  lime- 
Btune  layers  of  the  equivalent  of  this  group  in  the  Mississippi  Valley 
The  Middle  Carboniferous  Group  contains  much  the  greater  part  of  the 
nfKion,and  from  w  hich  softer  layers  most  of  the  fossils  are  there  obtained, 
calcareous  strata  Cound  in  this  district,  t^e  prevailing  material  bein^ 
almost  everywhere  sandstone  and  sandy  shales. 

THE  UPPEB  OABBONIPEBOUS  aBOaP. 

The  Upper  Carboniferous  Group  is  quite  clearly  distinguishable  from  the 
lower.  In  this  district  it  is  almost  wholly  composed  of  a  light,  yellowish- 
gnij  sandstone,  often  cherty,  and  containing  only  a  few  calcareous  layers. 
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UsoiiUy,  the  sandstone  is  irregalarly  bedded,  sometimes  massive,  and 
oblique  stratification  is  quite  common.  Fossils  are  rare  in  this  gronp, 
but  a  few  have  been  found  in  its  upper  strata,  and  those  yet  known  are 
not  such  as  to  distinguish  it  clearly  from  the  other  two  Garboniferoas 
groups.  It  is  this  group  that  Mr.  King  has  designated  as  Permo-Oar- 
boniferons  on  his  map.  According  to  my  observations,  it  is  only  its 
superior  position  in  relation  to  the  other  groups  that  would  suggest  snch 
a  designation,  because  the  Carboniferous  groups  below  it  contain  fossils 
that  are  as  closely  allied  with  the  Permian  of  Europe  as  any  that  have 
yet  been  discovered  in  the  strata  of  this  upper  one. 

The  strata  of  tbis  group  are  exposed  at  the  surface  of  much  tbe 
greater  part  of  tbe  area  that  is  occupied  by  those  of  (Jarbonit'eroas  age 
in  tbis  district.  They  cover  nearly  the  whole  surface  of  the  western  half 
of  Yampa  Plateau,  and  nearly  all  the  rugged  surface  through  which 
Yampa  Canon  is  cut,  along  the  southeast  flank  of  the  Uinta  Uplift,  be- 
sides a  narrow  area  along  tbe  whole  length  of  the  Fox  Creek  Flexare. 
Narrow  bands  of  its  upturned  strata  are  also  exposed  around  the  bases 
of  Junction  and  Yampa  Mountains.  It  will  thus  be  seen  that  all  the 
Carboniferous  strata  of  this  district  have  been  brought  to  view  only  by 
the  Plateau  and  Uinta  Uplifts,  and  by  the  two  sharp  Upthrusts  of  Junc- 
tion and  Yampa  Mountains.  The  remarkable  peculiarities  of  these 
uplifts  and  upthrusts  will  be  explained  .in  a  subsequent  chapter. 

THE  MESOZOIC  AGE. 

Strata  of  Mesozoic  age  cover  a  large  part  of  tbe  surface  of  this  dis- 
trict, and  apparently  form  an  unbroken  series,  from  the  base  of  those 
49trata  that  have  usually  been  referred  to  the  Triassic  period,  to  the  up- 
permost Cretaceous  strata,  inclusive.  The  strata  that  I  have,  but  with 
49ome  doubt,  referred  to  tbe  Triassic  period,  are  everywhere  in  this  dis- 
trict and  the  surrounding  region  conformable  upon  those  of  undoubted 
■Carboniferous  age.  Therefore  there  appears  to  be  no  important  physi- 
cal break  in  the  series,  as  found  in  this  district,  from  the  base  of  the 
■Carboniferous  to  tbe  top  of  the  Cretaceous,*  notwithstanding  the  fact 
that  the  Lower  Cretaceous  of  Eui'ope  seems  not  to  be  represented  in 
tbis,  if  in  any,  part  of  North  America.  Comparatively  few  fossils  were 
collected  from  any  of  the  Mesozoic  strata  of  this  district  during  its 
geological  examination,  but  the  facility  for  observation,  as  before  ex- 
plained, makes  their  identification  unquestionable,  even  if  no  fossils  at 
all  were  obtained  from  them. 

TRIASSIO  PERIOD. 

The  strata,  widely  distributed  over  a  large  part  of  the  western  portion 
ef  North  America,  that  have  until  lately  been  referred  with  little  or  no 
<loubt  to  tbe  Triassic  period,  have  generally  been  simply  so  referred  with- 
out a  distinctive  name  as  to  groups  or  formations,  but  some  geologists 
have  subdivided  the  series  and  given  distinctive  names  to  thedivisions 
thus  formed.  They  have  been  called  by  some  simply  the  Bed-Beds; 
IJnt  Professor  Powell  recognized  three  separate  divisions  of  tbe  group 
under  the  names,  in  the  ascending  order,  of  <^  Shinarump,"  ^^  Yermilion 
<31iff,"  and  ^'  White  Cliff"  groups.  These  three  divisions  are  recognized 
among  those  strata  in  this  district,  but  they  are  not  thought  to  be  there 
of  sufficient  importance  to  be  regarded  as  separate  groups,  coordinate 

*  See  also  remarks  coDceming  apparent  unbroken  continuity  of  deposition  of  Meso- 
zoic and  Cenozoic  strata  on  a  sabsqaeut  page. 
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with  the  other  groaps  that  are  treated  of  io  this  report.  TJutil  lately, 
&l«o,  these  strata  have  been  generally  regarded  as  onfossiliferous,  with 
the  exception  of  the  existence  here  and  there  of  considerable  quantities 
of  silidfied  exogenous  wood ;  and  they  were  referred  to  the  Triassic 
period  mainly  in  consequence  of  their  position  between  the  recognized 
CarboDiferoQs  and  Jurassic  strata.  Serious  doubts  of  the  real  Triassic 
age  of  the  stnita  in  question  have  lately  been  raised  because  of  the  dis- 
covery of  fossils  in  the  lower  portion  of  the  group  that  seem  to  be  not 
merely  similar  to  some  that  are  found  in  the  group  above  the  one  in 
qaestion,  and  which  all  persons  agree  in  referring  to  the  Jurassic  period, 
bot  they  are  apparently  specifically  identical. 

Dr.  Hayden,  on  page  11  of  his  Beport  on  the  Geology  of  Oaptain  Bay- 
BoldB's  Exploration  of  the  Yellowstone  and  Mississippi  Bivers,  made  in 
1^  and  published  in  1869,  states  that  he  found  unmistakable  Jurassic 
fwsils  near  the  base  of  this  group. 

lu  1874,  Mr.  Edwin  E.  Dowell  collected  for  Professor  Powel  several 
species  of  invertebrate  fossils  from  the  lower  portion  of  the  division 
of  this  group  in  Southern  Utah,  some  of  which,  at  least,  I  regard 
as  specilically  identical  with  well  known-species,  until  then  found  only 
in  Ququestionably  Jurassic  strata.*  These  facts  seem  to  indicate, 
with  comparatively  little  doubt,  that  all  the  Mesozoic  strata  of  that 
portion  of  Western  North  America,  below  the  Cretaceous,  belong  to 
one  period  only,  and  that  the  Jurassic.  This  opinion  is,  of  course, 
based  upon  the  invertebrate  fossils  before  referred  to  alone,  no  ver- 
tebrates or  plants  having  been  found  or  examined  by  myself.  If  the 
specific  identification  of  the  invertebrate  fossils  before  referred  to  should 
be  fully  verified,  there  is  no  sufficient  evidence,  so  far  as  I  am  aware, 
of  the  existence  of  any  Triassic  strata,  distinguishable  as  such  by  its 
invertebrate  fossils,  in  any  part  of  the  great  region  east  of  the  great 
Salt  Lake  Busin  and  sonth  of  the  Union  Pacific  Railroad.  This  ques- 
tion, however,  is  of  so  important  a  character  that  notwithstanding  the 
evidence  in  favor  of  adopting  the  view  just  indicated,  I  prefer  to  use  the 
provisional  classification  already  given  in  this  chapter,  until  material 
shall  have  been  collected  for  a  more  complete  discussion  of  the  question. 
It  is  especially  desirable  to  collect  as  much  material  as  possible  for  tLis 
*di8eo8sion,  because  these  strata  and  their  equivalents  are  distributed 
over  80  large  a  portion  of  the  North  American  continent,  where  their 
liihological  characters  are  generally  so  uniform  as  to  render  the  group 
recognizable  at  once  from  them  alone.  However,  in  view  of  the  fact 
that  the  relative  position  of  this  great  series  of  strata  seems  to  justify 
its  reference  to  the  Triassic  period,  while  all  its  yet  known  invertebrate 
fossils  show  an  intimate  relation  with  those  of  the  accepted  Jurassic 
strata,  I  shall  adopt  for  present  use  the  general  or  collective  term, 
Jora-Trias,  for  these  two  earlier  Mesozoic  groups. 

As  shown  in  the  description  accompanying  the  figure  of  the  general 
section  of  the  rocks  of  this  district,  the  divisions  of  this  group  are  all 
sandstones,  the  middle  one  being  very  conspicuous  in  consequence  of  its 
bright-red  color.  The  lower  division  is  sometimes  so  very  much  like  the 
sandstone  of  the  Upper  Carboniferous  group  that  it  is  difficult  to  deter- 
mine where  the  one  ends  and  the  other  begins,  but  in  this  district  the 
strata  of  the  former  are  considerably  softer  than  those  of  the  latter. 
The  exposures  of  the  strata  of  the  middle  division  are  often  gorgeous  in 
appearance  as  seen  in  the  distance,  for  they  are  often  exposed  in  exten- 
sive escarpment  faces.  Bemarkable  and  extensive  exposures  of  these 
I6d  strata  are  seen  in  the  southern  and  eastern  faces  of  the  great  Mid* 

*See  Geology  of  the  Uinta  Mountains,  pages  80  and  87. 
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land  Bidge,  extending,  indeed,  almost  coatinaonsly  from  its  eastern  to 
its  western  end. 

Besides  entering  largely  into  the  bdlk  of  the  great  Midland  Bidge,  the 
strata  of  this  whole  group  form  an  almost  coutinuons  line  of  hogbacks 
around  the  eastern  end  of  both  the  Uinta  and  Plateau  Uplifts,  the 
whole  length  of  Midland  Bidge,  and  thence  continuously  around  the 
western  bases  of  both  Section  Bidge  and  Split  Mountain.  They  also  oc- 
cu])y  the  bottom  of  Bed  Bock  Basin ;  and  small  isolated  exposures  of  the 
strata  are  to  be  seen  near  the  bases  of  both  Junction  and  Yam  pa 
Mountains. 

The  fact  that  the  middle  and  upper  divisions  of  this  group  are  so  of- 
ten exposed  in  the  faces  of  hogback  and  other  escarpments  is  doubtless 
due  to  the  softer  and  more  yielding  character  of  the  lower  division, 
which,  becoming  disintegrated  more  rapidly  than  the  others,  allows  the 
su[)erip)posed  strata  to  fall  down,  leaving  precipitous  escarpment  faoes 
of  the  remaining  rock. 

THE  JURASSIC  PEBIOD. 

In  this  district,  a  group  of  strata  of  the  Jurassic  period  is  found  every- 
where bordering  the  exposures  that  are  doubtfully  referred  to  the 
Triassic.  They  consist  mainly  of  soft,  greenish,  grayish,  reddish,  and 
purple  bad-land  sandstones,  with  a  few  feet  of  sandy  calcareous  layers 
near  the  base,  which  contain  the  fossils  that  are  characteristic  of  the 
group.  Being  soft,  the  strata  of  this  group  are  often  obscured  by  the 
debris  resulting  from  their  own  disintegration,  while  the  associated 
strata,  both  above  and  below  them,  being  harder,  resist  disintegration, 
and  are  often  conspicuously  exposed  as  hogbacks  or  other  escarpments. 
Sometimes,  however,  they  appear  in  the  lower  portion  of  the  face  of  a 
hogback  or  escarpment,  being  protected  there  from  further  disintegra- 
tion by  a  cap  of  the  harder  strata  of  the  lowest  group  of  the  Cretaceous 
period.  The  thickness  of  the  group  in  this  district  being  only  about 
GOO  feet,  and  being  usually  exposed  by  flexures  of  the  strata,  it  occupies 
only  a  small  portion  of  the  surface.  Its  exposures  are,  indeed,  mostly 
confined  to  narrow  bands  that  appear  among  the  upturned  groups  of 
strata  that  flank  the  principal  uplifts  in  the  district.  . 

It  will  thus  be  seen  that  all  the  groups  hitherto  described,  occur  in 
the  northwestern  portion  of  the  district  alone,  all  having  been  upturned 
along  the  flanks  of  the  Uinta  and  its  accessory  uplifts.  The  whole  of 
this  large  portion  of  the  district  is  therefore  occupied  by  the  rocks  of 
older  date  than  the  Cretaceous  period,  largely  by  those  of  Carbonifer- 
ous age.  This  space  is,  however,  bordered  by  rocks  of  the  Cretaceous 
period,  which,  togiether  with  those  of  the  Tertiary,  occupy  the  remainder 
of  the  district. 

THE  GBETAOEOUS  PEBIOD. 

The  whole  series  of  Cretaceous  strata  as  they  are  known  to  geologists, 
in  the  great  Bocky  Mountain  region,  is  represented  in  this  district,  as 
well  as  another  series  immediately  above  them,  concerning  the  proper 
age  of  which,  geologists  are  divided  in  opinion,  and  to  which  I  have 
given  the  separate  but  provisional  designation  of  Post-Cretaceous.  Un- 
der this  head  those  strata  are  discussed  upon  subsequent  pages. 

The  original  grouping  of  the  Cretaceous  strata,  as  they  are  found  de- 
veloped in  the  Upper  Missouri  Biver  region,  by  Meek  and  Hayden,  is 
shown  in  the  table  of  correlated  sections  on  page  — .  It  is  also  there 
shown  that  late  authors  agree  in  modifying  that  original  grouping  for 
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the  Oietaoeoas  rocks  of  Wyoming,  Oolorado,  and  Utah,  by  uniting  the 
equivalents  of  certain  of  those  groups  under  one  designation,  while  pre- 
serring  essentially  the  main  features  of  the  origiual  classificfition.  There 
is  oomparatively  little  difficulty  in  recognizing  among  the  Cretaceous 
strata  of  the  regions  mentioned,  the  principal  features  of  the  classifica- 
tiOD  which  was  originally  made  by  Meek  and  Hayden  for  those  of  the  Up- 
per Missouri  Biver  region.  That  which  I  have  followed  consists  mainly 
in  ledncing  the  number  of  groups  by  placing  together  those  that  have 
UieDearest  paleoutological  affinities.  I  have  thus  placed  the  equivalents 
of  tbe  Fort  Benton  and  Niobrara  groups  together  under  the  name  of  Col- 
orado Group ;  and  those  of  tbe  Fort  Pierre  and  Fox  Hills  groups  together 
nnder  the  single  name  of  Fox  Hills  Group,  leaving,  as  all  others  have 
done,  tho  Dakota,  as  everywhere,  a  single^  separate  group.  Such  a 
groopiugof  the  Cretaceous  strata  is  not  only  quite  sufficient  for  all  re- 
qoired  purposes  within  the  region  to  which  it  is  applied,  but  it  is  as 
uatoral  as  the  original  grouping  is  for  the  Upper  Missouri  Biver  region. 
The  modification  I  have  adopted  is,  for  this  district  at  least,  quite  as 
natnral,  stratigraphically,  as  that  proposed  by  Mr.  King  (who  joins  the 
equivalent  of  the  Fort  Pierre  Group  to  that  of  the  Niobrara  and  Fort 
Benton  groups  to  make  up  the  Colorado  Group),  but  I  find  it  more 
natural,  paleontologically. 

All  the  groups  of  strata  that  are  referred  to  the  Cretaceous  period  in 
this  report  are,  within  this  district,  not  only  strictly  conformable  with 
each  other  as  regards  their  stratification,  but  I  have  never  been  able  to 
fix  npon  a  plane  of  demarcation  between  any  of  them  with  entire  pre- 
cision. The  aspect  of  the  strata  throughout  the  vertical  range  of  all 
three  of  these  groups,  is  that  of  continuous  sedimentation.  The  general 
characteristics  by  which  the  groups  are  separated  from  each  other  will 
be  given  under  the  head  of  each. 

THE  DAKOTA  GROUP. 

The  strata  of  this  group  are  exposed  as  a  narrow  band  among  the  up- 
toroed  strata  that  flank  the  uplifts  ia  the  northwestern  portion  of  this 
<li8trict>,  and  also  as  a  small  but  somewhat  broader  exposure,  which  is 
fonnd  to  cap  a  portion  of  Midland  Eidge,  as  is  shown  upon  the  geologi- 
cal map  accompanying  this  report,  and  also  upon  one  of  the  sheets  of 
the  great  atlas  of  Colorado,  soon  to  be  published. 

A  very  small  exposure  is  also  to  be  seen  near  the  southwestern  flank 
of  Yampa  Mountain,  ami  another  small  one,  of  somewhat  greater  ex- 
tent than  the  last,  in  Agency  Park,  near  the  right  bank  of  White  liiver. 
Ihe  latter  exposure  is  brought  up  by  a  slight  flexure  that  is  apparently 
the  vanishing  northern  end  of  the  Elk  Mountain  Uplift,  the  main  eleva- 
tion of  which  is  far  to  the  southward. 

The  general  lithological  characteristics  of  this  group  are  somewhat 
variable  in  different  portions  of  the  great  Bocky  Mountain  region,  but 
this  variability  is  not  such  as  to  prevent  its  ready  identification  wherever 
^t  is  sufficiently  exposed,  even  in  very  widely -separated  localities.  In 
^18  district  the  group  reaches  an  aggregate  thickness  of  between  500 
^d  600  feet,  and  consists  of  two  divisions,  which,  in  some  places,  are 
iQore  clearly  defined  than  in  others.  The  lower  ])ortion,  having  a  thick- 
^Wof  some  300  feet,  consists  of  a  dark-colored,  coarse,  silicious  peb- 
ple-eonglomerate,  which  is  somewhat  irregularly  bedded  and  easily  dis- 
integrated. The  upper  portion,  having  a  thickness  of  from  150  to  200 
fc^t,  cjusists  of  a  yellowish  or  brownish,  rough,  heavy-bedded  sand- 
^06,  between  which  and  the  conglomerate  some  variegated  bad-laud 
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dearly  shown  as  it  is  in  the  eastern  ix)rt]on,  bat  yet  the  lowest  portion 
of  this  group  is  everywhere  of  snch  a  character  lithologically  as  to  be 
not  clearly  separable  from  the  np[)er  part  of  the  Oolorado  Group. 

In  a  iB^enerai  way,  the  lower  division  of  the  Fox  Hills  Group,  wbicli 
is  about  800  feet  in  thickness^  may  be  defined  as  a  series  of  thin-bedded 
sandstones  and  sandy  shales,  which  are  often  so  easily  disintegrated  as 
to  become  covered  with  dSbris  resulting  from  their  own  disintegration. 
In  some  places,  therefore,  the  strata  of  this  lower  division  seldom  pre-^ 
sent  escarpment  faces;  but  in  other  places,  especially  in  the  western 
portion  of  the  district,  it  contains  one  or  two  massive  strata  of  firm  sand- 
stone, near  the  top  of  the  division,  that  form  prominent  features  io  all 
the  exi)Osures  there  of  this  portion  of  the  group.    The  principal  one  of 
these  massive  strata  is  from  30  to  50  feet  thick,  and  is  especially  con- 
spicuous in  escarpments,  of  which  it  forms  the  cap.    Where  this  great 
massive  stratum  exists,  thos^  below  it  gradually  pass  into  the  soft  strata 
of  the  Colorado  Group,  and  the  strata  above  it  are  also  soft,  and  are  in 
turn  capped  by  another  massive  stratum ;  and  upon  these  comes  the 
remainder  of  the  upper  division.    This  description  applies  particularly 
to  the  strata  in  the  vicinity  of  Baven  Park. 

UiK)n  the  lower  division  rest  about  1,000  feet  more  or  less  of  re^ni- 
larly-be<lded  ordinary  sandstones  which  constitute  the  upper  division, 
and  which  form  hogbacks  wherever  the  strata  are  considerably  flexed, 
and  present  bold  escarpments  under  other  conditions  of  flexion  and 
erosion.  These  last-named  characteristics  of  the  group  are  particularly 
observable  in  and  around  Agency  Park  and  the  eastern  portion  of  Axial 
Basin. 

Several  carbonaceous  horizons  were  observed  in  different  parts  of  the 
district  among  the  strata  of  this  group,  including  both  the  upper  and 
lower  divisions,  but  comparatively  little  coal  Was  discovered.  Near  the 
base  of  the  group,  however,  a  bed  of  coal,  probably  of  workable  thick- 
ness and  quality,  is  to  be  found  in  some  places. 

The  strata  of  this  group  occupy  quite  a  large  part  of  the  surface  of 
the  district,  and  the  upper  strata  enter  into  the  composition  of  a  large 
part  of  the  various  hogbacks  and  escarpments  within  its  limits.  They 
are  exposed  in  the  north  and  west  borders  of  Agency  Park,  in  all  the 
borders  of  Eaven  Park,  and  in  both  the  north  and  south  as  well  as  the 
east  borders  of  the  eastern  portion  of  Axial  Basin.  They  occupy  that 
portion  of  tbe  surface  between  Yampa  River  and  Williams  Fork  which 
lies  adjacent  to  the  latter  stream,  constitute  a  large  part  of  Pinon  Ridge^ 
and  are  upturned  to  view  in  the  Midland  Flexure  from  one  end  of  the 
district  to  the  other. 

THE  POSTCRETAOEOUS  PERIOD. 

Resting  conformably  upon  the  Fox  Hills  Group  there  is  another  series 
of  strata  which  differs  materially  from  any  of  the  preceding  groups  in 
the  character  of  its  invertebrate  fossils,  although  the  sedimentation 
which  produced  it  appears  to  have  been  continuous  and  unbroken  from 
those  groups  into  and  throughout  the  series  under  discussion.  Tbe 
thickness  of  this  series  of  strata  is  greater  than  that  of  any  of  the  Cre- 
taceous groups  proper  that  preceded  it,  reaching  a  maximum  thickness 
ill  the  district  here  reported  upon  of  at  least  3,500  feet.  A  few  hundred 
feet,  constituting  the  upper  portion  of  this  series  in  the  valley  of  Bitter 
Creek,  Wyoming,  has  been,  by  Professor  Powell  •  and  myself,  separated 

*  See  Geology  of  the  Uinta  Moantains,  and  Article  XXY,  VoL  III,  Ball.  U.  S.  GeoL 
Sorv.  Ter. 
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foa  the  greater,  lower  portion  of  the  series,  and  placed  with  the  Wasatch 
Groap  alx>ve  it.  This  was  done  because  of  an  nncouformity  of  the  two 
portions  in  that  district,  and  an  entire  conformity  of  that  upper  portion 
witJi  tlie  strata  of  the  Wasatch  Group  above  it,  although  the  affinities( 
of  the  fossils  of  that  upper  portion  are  with  those  that  are  found  be« 
Death,  rather  than  with  those  of  the  Wasatch  Group  above.  After  a 
carefal  examination  of  the  extensive  exposures  of  this  series  of  strata, 
u  wdl  as  those  of  the  Wasatch  Group  above  it  in  this  district,  I  have 
&iled  to  discover  any  unconformity,  such  as  exists  in  the  valley  of  Bit- 
ter Greek.  Therefore,  the  greatest  unconformity  that  is  now  known  to 
eiist  among  any  of  the  strata  from  the  base  of  the  Gretaceous  to  the 
topof  what  I  here  designate  as  the  Post-Cretaceous,  is  found  among  the 
suata  of  the  latter  gropp,  and  not  at  its  top.  In  this  district  and  the 
legion  immediately  adjoining  it,  whatever  catastrophal  or  secular  changes 
jOBT  have  meanwhile  taken  place  elsewhere,  or  even  extending  within 
iu  limits,  sedimentation  was  evidently  continuous  and  unbroken,  not' 
ofily  through  this  series  itself,  but  also  into  and  through  the  whole 
Wasatch  Group  also. 

The  fact  that  this  series  passes  insensibly  into  the  Fox  Hills  Group 
below,  and  into  the  Wasatch  Group  above,  renders  it  difficult  to  fix  upon 
a  suatigraphical  plane  of  demarcation,  either  for  its  base  or  summit.  I 
hare  therefore  decided  to  regard  this  group  as  essentially  a  brackish- 
water  one,  referring  all  strata  below,  that  contain  any  marine  Cretaceous 
iovertebrate  forms,  to  the  Fox  Hills  Group,  beginning  this  series  with 
those  strata  that  contain  brackish-  and  fresh-water  forms,  and  ending  it 
above  with  those  strata  in  which  the  brackish-water  forms  finally  cease. 
Tboa  defined,  the  whole  series  seems  to  form  one  natural  paleontologi- 
eal  group,  as  well  as  to  be  a  sufficiently  distinct  strati  graphical  one,  for 
vhich  I  have  adopted  the  name  of  Laramie  Group  of  King. 

My  reasons  for  separating  this  group  from  thet  Cretaceous  series, 
where  it  has  been  placed  by  Cope,  King,  and  Powell,  and  for  giving  it 
the  provisional  designation  of  Post-Cretaceous,  have  been  discussed  by 
06  in  Article  XXIV,  Vol.  Ill,  No.  3,  Bulletin  of  the  United  States  Geo- 
logical and  Geographical  Survey  of  the  Territoi  ies,  but  they  may  be 
briefly  repeated  here.  The  flora  of  this  gronp  is  understood  to  be  wholly 
of  Tertiary  types,  according  to  Professor  Lesqnerenx.  None  of  its  in- 
vertebrate  fossils  are  of  distinctive  Cretaceous  types,  although  fossils  of 
fiQilar  types  are  known  to  occur  in  Cretaceous  as  well  as  Tertiary  strata. 
So  far,  then,  as  the  flora  and  invertebrate  fauna  are  concerned,  there  is 
Dothiug  to  indicate  the  Cretaceous  age  of  the  group.  In  fact.  Inverte- 
brate Paleontology  is  utterly  silent  upon  the  subject.  On  the  contrary 
Professor  Cope  finds  reptilian  remains,  even  in  the  uppermost  strata  of 
ibe  group,  that  he  regards  as  of  Cretaceous  type.  I  believe  that,  upon 
the  evidence  of  invertebrate  paleontology,  the  Fox  Hills  Group  is  later 
thau  the  latest  Cretaceous  strata  of  Europe ;  and  I  therefore  regard  the 
I^ramie  Gronp  as  occupying  transitional  ground  between  the  well- 
i&arked  CreUiceous  and  Tertiary  groups,  but  this  opinion  is  only  tenta- 
tively  held  until  farther  facts  are  obtained. 

THE  LABAMIE  GEOUP. 

The  relations  of  the  Laramie  Group  to  those  immediately  above  and 
below  it  iu  the  geological  series,  as  well  as  its  general  characteristics, 
have  been  pointed  out  in  the  last  paragraphs,  and  it  now  remains  to 
*peak  of  its  characteristics  as  they  are  shown  in  this  district  and  those 
^joining  it. 

Ibe  Laramie  Gronp,  in  a  large  part  of  Southern  Wyoming  and  the 
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adjacent  parts  of  Colorado  and  Utah,  consists  painly  of  the  ordinary 
indurated  sandstones  that  so  largely  enter  into  the  composition  of  tht 
Cretaceous  groups  of  that  region,  together  with  somewhat  frequent  bedfl 
of  carbonaceous  shales,  and  several  beds  of  coal  of  greater  or  less  im* 
portance.  This  description  has  also  a  good  general  application  to  the 
group,  as  it  is  developed  in  this  district;  but  in  the  eastern  part  it  con- 
sists' very  largely  of  a  series  of  reddish-colored,  usaally  thin-bedded 
sandstones,  together  with  some  shaly  and  carbonaceous  beds.  These  peca* 
liarities,  however,  gradually  merge  into  the  more  common  characteria* 
tics  of  the  group  to  the  westward.  Besides  many  more  or  less  distincsfc 
carbonaceous  horizons,  the  group  contains  several  beds  of  coal  within 
this  district.  One  of  the  best  is  near  its  base,  and  another  near  its  topi 
with  others  between,  that  may,  perhaps,  be  found  to  be  of  workable 
thickness. 

The  strata  of  the  Laramie  Group  occupy  a  large  space  between  the 
eastern  portion  of  Axial  Basin  on  the  one  side,  and  Agency  Park  and 
Hogback  Valley  on  the  other.    It  is  brought  to  view  along  the  whole 
length  of  both  the  Midland  and  Eaven  Kidge  flexures,  besides  occopy- 
iug  oonsiderable  spaces  to  the  northeastward  and  northwestward  of 
Baven  Park.    It  also  occupies  the  larger  part  of  the  space  between 
Williams  Fork  and  Yampa  River,  within  the  district,  as  well  as  the 
most  of  that  portion  of  it  which  lies  north  of  the  Yampa  and  between 
the  mouth  of  Williams  Fork  and  Yampa  Mountain.    For  the  more  pre^ 
cise  limits  of  the  surface  occupied  by  the  strata  of  the  group  within  the 
limits  of  this  district  see  the  geological  map  aocompanjing  this  report, 
and  also  that  of  the  large  atlas  of  Colorado,  published  by  the  Survey. 

So  far  as  known  to  me,  the  strata  of  ail  the  Cretaceous  groups  of 
Western  North  America,  beneath  the  horizon  of  the  Laramie  Group, 
are  of  marine  origin,  except  a  few  local  deposits  in  different  portions  of 
the  series,  which  contain  brackish-  and  freshwater  invertebrate  forms. 
On  the  contrary,  no  exclusively  marine  invertebrate  forms  are  known  to 
have  been  obtained  from  the  strata  of  the  Laramie  Group,  as  I  have 
defined  its  limits  in  this  report.  The  species  of  Inoceramus  that  have 
heretofore  been  reported  from  the  lower  strata  of  this  group,  I  am  now 
satisfied  should  be  referred  to  the  Fox  Hills  Group,  the  error  of  refer* 
Quce  having  been  made  in  consequence  of  the  absence  of  a  distinct 
stratigrapbical  plane  of  demarcation  between  the  groups.  The  com- 
parative abundance  of  remains  of  land-plants  in  all  the  strata  of  the 
Laramie  Group  also  indicates  its  separation  from  the  open-sea  deposits. 

THE  TEETIARY  PEEIOD. 

In  the  great  region  that  is  now  drained  by  the  Green  Siver  there  are 
three  well-marked  groups  of  strata,  all  conformable  with  each  other, 
that  come  in  their  order  above  the  Laramie  Group,  and  which  all  agree 
•in  referring  to  the  Tertiary  period.  These  are  the  Wasatch,  Green  Eiver, 
and  Bridger  Groups,  named  in  the  ascending  order. 

As  already  mentioned  on  a  previous  page,  all  the  groups  of  the  Cre- 
taceous period,  as  they  are  developed  in  the  great  Eocky  Mountain 
region,  so  far  as  I  have  been  able  to  observe,  or  to  obtain  information  of 
'them,  are  strictly  conformable  upon  each  other.  I  have  also  shown  that 
the  Po8t*Cretaoeous  Group  is  strictl;^  conformable  upon  the  uppermost 
•of  the  Cretaceous  groups,  although  some  unconformity  is  known  to 
exist  among  the  strata  within  the  limits  of  the  Post-Cretaceous  Groap 
(the  Laramie  Group),  to  the  northward  of  this  district.  1  have  been 
equally  unable  to  discover  any  unconformity  between  the  strata  of  the 
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laramie  Groap,  which  I  have  designated  as  Post-Gretaeeons,  and  those 
flftbe  Wasatch  Group,  the  earliest  of  the  Tertiary  gronps  proper. 
5dtherhavel  been  able  to  discover  any  definite,  stratigraphical  plane 
of  demarcation  bewteen  the  two  gronps. 

THE  WASATCH  aROUP. 

In  his  anDnal  report  for  1870,  Dr.  Hayden  proposed  the  name  "  Wa- 
nteh  Group "  for  a  series  of  strata  that  are  extensively  developed  in 
SoQtbem  Wyoming  and  adjacent  parts  of  Utah  and  Colorado.  I  regard 
tiie  series  of  strata  to  which  Mr.  King  has  given  the  name  **'  Yermilioa 
Creek  Group,''  and  Professor  Powell,  that  of  **  Bitter  Oreek  Gronp,''  as 
geologically  equivalent  with  the  Wasatch  Group  of  Dr.  Hayden,  and  I 
theretbre  use  that  name  in  this  report,  in  accordance  with  the  recognized 
rule  in  such  cases.  ' 

The  Wasatch  Group  is  the  lowest  of  a  series  of  three  firesh  •  water  Ter- 
titry  groups,  all  of  which  are  intimately  connected,  not  only  by  an  evi- 
dent continuity  of  sedimentation  thronghont,  but  also  by  the  passage  of 
i  portion  of  the  mollnscan  species  from  one  group  up  into  the  next 
above.  Not  only  were  these  three  groups,  aggregating  more  than  a  mile 
Ib  thickness,  evidently  produced  by  uninterrupted  sedimentation,  but  it 
Mms  equally  evident  that  it  was  likewise  uninterrupted  between  the 
LaniiDie  and  Wasatch  epochs,  although  there  was  then  a  change  from 
)irtckish  to  fresh  waters,  and  a  consequent  change  of  all  the  species  of 
invertebrates  then  inhabiting  those  waters. 

The  Wasatch  Group  in  this  district  consists  very  largely  of  soft,  varie- 
gated bad-land  sandstones  that  reach  a  thickness  of  about  1,500  feet, 
together  with  from  100  to  300  feet  of  the  ordinary  indurated  sand- 
stones, alternating  with  bad-land  material  at  the  base,  and  a  similar 
amoQDt  of  similar  material  at  top,  the  estimated  aggregate  thick- 
WW8  being  about  2,000  feet.  The  Hthological  characteristics  vary  some- 
what in  different  parts  of  the  district,  the  middle  portion  sometimes 
losing  its  distinctive  bad-land  character,  and  the  sandstones  becoming 
nore  iudnrated,  but  they  seldom  become  very  hard. 

The  exposures  of  the  Wasatch  Group  in  this  district  are  mostly  con- 
ned to  that  portion  of  the  surface  occupied  by  the  principal  flexures  of 
strata,  the  surfaces  of  Coyote  Basin  and  Powell's  Park  being  the  broad- 
^  spaces  occupied  by  those  strata.  They  are  upturned  by  the  Midland, 
GtBDd  Hogback,  and  Baven  Eidge  flexures,  and  are  exposed  in  the 
valley  of  White  River  along  a  great  part  of  the  whole  distance  from 
Powell's  Park  to  a  point  a  few  miles  below  Baven  Park.  Being  com  • 
poeed  of  easily  eroded  materials,  the  strata  of  this  group  seldom  pro- 
doce  any  conspicuous  features  of  the  surface,  except  the  valleys  and 
basins  that  are  eroded  out  of  them,  such  as  Powell's  Park,  Coyote  Basin, 
Hogback  Valley,  and  a  part  of  White  River  Valley. 

Very  few  fossils  were  obtained  from  the  strata  of  the  Wasatch  Group 
in  this  district.  Specimens  of  the  genera  VMparus^  Ooniobasis^  and  Unio 
were  obtained  from  strata  near  the  top  of  the  group  in  Raven  Ridge,  near 
tbesoQth  western  border  of  Raven  Park.  The  same  genera,  and  doubtless 
the  same  species,  were  found  in  a  similar  horizon  in  the  valley  of  White 
Biver  opposite  Pinon  Ridge,  where  also  fragmentf^  of  Physa  pUromatis 
White,  were  obtained. 

TH£  aSEEN  BIVEB  GBOUP. 

Besting  immediately  and  conformably  upon  the  Wasatch  are  the 
strata  of  the  Green  River  Group.  Although  intimately  connected  with 
the  former  by  continnous  sedimentation  and  specific  identity  of  melius- 
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can  species,  they  differ  coDsiderably  from  those  of  that  groapiii  general 
aspect,  and  in  compositioti  also.  The  group  is,  liihologicaily,  at  least, 
separable  into  two  divisions,  but  they  are  not  regarded  as  severally  of 
CO  ordinate  value  with  the  other  recognized  Tertiary  gronps.  The  lower 
division  consists  maioly  of  silicioas  and  sandy  shales,  and  laminated 
aud  thin-bedded  sandstones,  witb,  in  some  places,  especially  in  the 
western  part  of  this  district,  frequent  layers  of  hard,  dark-colored  car- 
bonaceous shales.  In  some  places  the  strata  are  also  quite  calcareous, . 
occasional  layers  being  nearly  pure,  compact,  finely  laminated  limestoue. 
Others  of  the  calcareous  layers  are  sometimes  oolitic  in  texture.  The 
general  aspect  of  the  strata  as  seen  exposed  at  a  distance  is  light 
gray. 

The  upper  division  consists  mainly  of  sandstones  that  are  coarser^  aa 
well  as  less  thinly  and  distinctly  bedded,  than  those  of  the  lower  divis- 
ion* In  some  parts  it  is  shaly,  and  in  others  carbonaceous.  Much  of 
its  sandstone  is  ferruginous  in  aspect,  instead  of  having  the  gray  tint 
that  the  lower  division  has.  Sometimes  certain  beds  of  its  sandstones 
are  earthy  and  easily  disintegrated,. often  leaving,  weathered  out  of  the 
mass,  spherical  concretions  of  hard  sandstone  that  vary  in  size  from  a 
fraction  of  an  inch  to  two  or  three  feet  in  diameter.  Other  beds  some- 
times present  buttress-like  masses  in  the  brow  of  bluffs,  which  form 
conspicuous  and  somewhat  remarkable  features  in  the  landscape.  Such 
features  are  very  characteristic  of  this  division  in  the  bluffs  of  Oreea 
River  in  the  vicinity  of  Green  River  City,  Wyo.,  and,  to  a  less  extent, 
they  also  appear  in  the  bluffs  which  border  the  canon  and  valley  of 
White  River,  in  the  southwest  portion  of  this  district. 

The  invertebrate  fossils  which  this  group  affords  are  similar  to  those 
that  are  found  in  the  fresh- water  portion  of  the  Wasatch  Group,  some  of 
the  species  being  identical,  and  indicate  a  purely  fresh-water  condition 
throughout.  They  are  almost  wholly  molluscan,  and  belong  to  the 
branchiferous  genera  Unio^  Viviparus^  and  OoniobasiSy  beside  several 
genera  of  pulmonate  gasteropods,  including  both  the  limnophile  and 
geophile  divisions.  The  Green  River  Group  has  become  somewhat 
noted  for  the  fossil  fishes  that  have  been  discovered  in  its  strata  in  Wyo- 
ming, and,  like  the  Wasatch  Grouf),  it  has  at  various  localities  also  fur- 
nished considerable  collections  of  fossil  vertebrates  and  plants. 

In  this  <listrict,  the  Green  River  Group  is  well  and  characteristically 
developed,  the  lower  division  reaching  a  thickness  of  about  nine  hun- 
dred feet  and  the  upper  division  about  five  hundred  feet.  The  large 
hill-masses  that  lie  between  Hogback  Valley  and  PowelPs  Park  are 
composed  of  it,  as  are  also  thofe  that  form  the  bluffs  of  the  south  side 
of  the  valley  of  White  River,  from  Powell's  Park  to  the  western  bound- 
ary  of  the  district,  except  that  portion  of  them  which  forms  the  south- 
ern border  of  Raven  Park.  It  also  occupies  a  considerable  space  ad- 
jacent to  White  River,  between  Raven  Park  and  the  western  boundary 
of  the  district,  aud  also  a  narrower  space  along  the  southwestern  side 
of  Raven  Ridge. 

The  strata  of  the  lower  division  of  the  Green  River  Group  differ  con- 
siderably in  lithological  characters  in  different  parts  of  this  district.  In 
the  hills  that  lie  between  Hogback  Valley  and  Powell's  Park  they  are 
more  largely  composed  of  ordinary  sandstones  than  is  usual  in  this 
group,  some  of  which  constitute  thick,  heavy-bedded  strata.  In  the 
southwestern  part  of  the  district  the  strata  of  this  division  are  more 
finely  laminated,  and  contain  much  more  calcareous  and  carbonaceous 
material  than  elsewhere. 

The  principal  flexures  and  other  displacements  of  the  strata  of  this 
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npon  doabtless  took  place  after  the  depositiOD  of  the  Qreen  River 
Oroop,  bat  in  the  district  here  reported  ou  the  strata  of  the  whole  groap 
are,  as  a  rale,  nearly  horisoDtal,  or  vary  ouly  a  few  degrees  fh>m  the 
bcnizoD.  This  is  evidently  doe  to  the  fact  that  they  hare  been  eroded 
from  the  spaces  that  are  now  occapied  by  the  n^ore  abropt  flexares, 
which  they  doobtless  once  covered,  bat  are  now  fonnd  to  occopy  only 
or  mainly  the  comparatively  nndistarbed  spaces  on  the  dropped  side  of 
tbeflexares. 

THE  BRIDaEB  GROUP. 

This  is  one  of  the  more  important  of  the  groups  among  those  that,  in 
vesteni  North  America,  are  referred  to  the  Tertiary  period,  especially  as 
regards  the  vertebrate  remains  that  have  been  obtaiued  from  its  strata. 
It  is  most  fully  and  characteristically  developed  in  the  region  known  as 
the  Green  liiver  Basin,  north  of  the  Uinta  Monntains,  ouly  the  south- 
easteni  portion  of  the  formation,  so  far  as  it  is  now  known^  extending 
within  the  limits  of  this  district.  In  its  typical  localities  it  is  found 
resting  conformably  npon  the  Green  River  ixroup,  into  which  it  passes 
without  a  distinct  plane  of  demarkation  among  the  strata.  Its  molluscan 
foesil  remains  correspond  closely  with  those  of  the  Oreen  &iver  Group, 
some  of  the  species  being  common  to  both,  all  indicating  a  purely  fresh 
eondition  of  the  waters  in  which* the  strata  of  both  groups  were  de- 
posited. At  the  typical  localities  the  group  is  composed  in  great  part 
of  soft,  variegated,  bad-land  sandstones,  a  peculiar  greenish  color  often 
predominating  over  the  others,  which  are  reddish,  purple,  bluish,  and 
gray.  Limestone  strata,  marly  and  clayey  beds,  and  cherty  layers  are 
notuncommou,  and  grits  and  gravelly  layers  sometimes  occur. 

Strata  of  the  Bridger  Group  are  found  to  occupy  ouly  a  comparatively 
minute  portion  of  the  surface  in  this  district,  the  only  locality  at  which 
tliey  appear  being  in  the  valley  of  Bed  Blnll'  Wash,  between  Baven 
fiidge  and  White  Biver,  in  the  southwestern  part  of  the  district,  where 
thne  strata  rest  upon  those  of  the  upper  division  of  the  Green  Biver 
Group,  and  are  covered  in  turn  by  those  of  the  Uinta  Group.  The  strata 
of  the  Bridger  Group  exposed  there  reach  ouly  about  one  hundred  feet 
ID  thickness,  and  probably  represent  those  near  the  base  of  the  forma- 
tJOD.  The  ouly  fossils  obtained  from  these  strata  were  a  few  fragments 
of  chelottian  and  mammalian  bones. 

THE  T71NTA  GROUP. 

Besting  directly,  but  by  unconformity  of  sequence,  npon  all  the  Ter- 
tisry  and  Cretaceous  groups  in  the  region  surrounding  the  eastern  end 
of  the  Uinta  Mountain  Bange,  is  another  Tertiary  group  that  has  received 
the  name  of  ^^  Uinta  Group"  from  Mr.  King,  and  ^^ Brown's  Park  Group" 
Irom  Professor  Powell.  It  is  i>ossible  that  this  group  was  deposited 
eoDtiouously,  at  least  in  part,  with  the  Bridger  Group,  bat  at  the  places 
where  the  junction  between  the  two  groups  has  been  seen  in  this  region, 
there  is  an  evident  unconformity,  both  by  displacement  aud  erosion. 

The  group  consists  of  fine  and  coarse  sandstones,  with  frequent  layers 
of  gravel,  and  occasionally  both  cherty  and  calcareous  layers  occur. 
The  sandstones  ore  sometimes  firm  and  regularly  bedded,  and  some* 
times  soft  and  partaking  of  the  character  of  bad-land  material.  The 
color  varies  from  gray  to  dull  reddish-brown,  the  former  pre  vailing  north 
of  the  Uinta  Mountains  and  the  latter  south  of  them. 

The  ouly  invertebrate  fossils  that  are  known  to  have  been  discovered 
in  the  strata  of  this  group  are  some  specimens  of  aPAy«a,  very  like  a 
BBcent  species.    Therefore,  invertebrate  paleontology  has  furnished  no 
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evidence  of  its  assumed  Tertiary  age  and  lacustrine  conditioDS  of  its 
deposition.  Its  fresb-water  origin,  however,  seems  unquestionable,  be- 
cause of  its  iutra-Gontinental  position,  its  limited  extent,  and  the  fact 
that  none  but  fresh-water  deposits  are  known  in  this  part  of  the  oonti* 
nent  that  are  of  later  date  than  the  dose  of  the  Laramie  period. 

While  the  known  unconformity  of  this  group  upon  the  other  Tertiary 
groups,  as  well  as  upon  the  still  older  rocks,  might,  in  the  abseuc^  of 
other  facts,  be  suggestive  of  its  post-Tertiary  age,  the  following  facts 
seem  to  show  that  it  cannot  be  of  later  date  than  Pliocene  Tertiary,  to 
which  epoch  Dr.  Hay  den,  upon  the  occasion  of  his  first  visit  to  tliat 
region,  referred  it.    In  many  places  the  strata  still  riemain  in  a  nearly 
horizontal  position,  but  in  others  they  have  been  considerably  displaced, 
as,  for  example,  by  being  flexed  up  against  the  flanks  of  the  CJiuta 
Mountains,  and  also  in  a  similar  manner  against  the  Dry  Mountains, 
northeastward  from  Brown's  Park.    This  shows  that,  although  much, 
movement  of  displacement  took  place  before  the  deposition  of  the 
Brown's  Park  strata,  as  shown  by  their  unconformity  with  those  of  the 
older  groups,  a  considerable  amount  of  movement,  even  of  mountain 
elevation,  has  taken  place  since  their  deposition.    Besides  this,  a  large 
proportion  of  the  immense  denudation  which  the  strata  of  that  regioa 
have  suffered  is  known  to  have  taken  place  since  the  deposition  and 
partial  displacement  of  the  Brown's  Park  Group,  because  these  strata 
are  involved  with  the  others  in  that  denudation.    Furthermore,  a  re- 
markably extensive  outflow  of  basaltic  trap,  covering  a  large  regiou 
which  lies  mainly  to  the  eastward,  but  which  formerly  extended  much 
within  the  limits  of  this  district,  took  place  after  the  deposition  of  the 
Uinta  Group,  and  also  after  it  had  suflered  displacement  and  erosion  to 
some  extent  at  least.    This  is  known  to  be  tbe  case,  because  the  trap  is 
found  resting  upon  the  unevenly  eroded  surface  of  a  portion  of  the 
Uinta  Group  at  Fortification  Butte.    That  portion  occupies  a  higher 
level  than  does  the  principal  portion  of  the  group,  at  least  within  this 
district;  and  the  trap  rests  unconlbrmably  upon  the  Laramie  and  Cre- 
taceous strata  in  the  immediate  vicinity,  as  well  as  upon  the  Uinta 
strata,  in  such  a  manner  as  to  show  that  little,  if  any,  movement  has 
taken  place  since  the  trap  outflow.    The  denudation  of  the  rocks  of  that 
region  has  been  so  great  since  the  trap  outflow  that  the  latter  rock  has 
been  removed  from  a  large  part  of  the  suiface  it  once  occupied,  leaving 
only  here  and  there  mere  shreds  of  the  once  massive  and  extensive 
sheet  upon  the  higher  hills.  % 

Water-worn  fragments  of  this  trap,  together  with  those  of  otber 
rocks,  enter  into  the  composition  of  the  scattered  drift  of  that  region. 
This  drift  was  probably  contemporaneous  with  tbe  great  northern  gla- 
cial drift,  and  is  found  not  only  in  the  valleys  of  that  region,  but  also 
scattered  upon  the  hills  many  hundred  feet  bigher  than  the  streams. 
These  facts  seem  to  be  sufficient  to  prove  that  tbe  Uinta  Group  cannot 
be  of  later  date  than  Pliocene  Tertiary,  while  its  relations  to  the  other 
Tertiary  groups  seem  to  show  that  it  cannot  be  referred  to  an  earlier 
epoch  than  the  Miocene.    But  further  evidence  on  this  (loint  is  needed. 

This  group  occupies  that  expansion  of  Green  River  Valley  which  is 
known  as  Brown's  Park.  From  there  it  extends  eastward  and  around 
the  eastern  end  of  the  Uinta  Uplitt,  except  a  few  miles  interruption  of 
its  continuity  there,  and  tbence  extends  westward  along  the  southern 
base  of  the  Uinta  Mountains  a  large  part  of  the  length  of  the  range. 
It  extends  northward  from  tbe  eastern  portion  of  the  Uinta  Mountains 
as  far  as  Dry  Mountains  and  Godiva  Ridge,  llemainiug  patches  of  it 
show  that  the  formation  formerly  extended  eastward  as  far  as  the  foot* 
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Mils  of  the  Park  Bange.  The  relation  which  this  groap  has  to  similar 
[.gioape  iu  different  parts  of  that  great  western  region  remains  for  future 
inrestigation  to  determine.  Its  relation  to  those  immediately  associated 
with  it  is  a  matter  of  great  interest,  which  will  be  much  enhanced  by  auy 
ptIeoDtoIogical  testimony  that^its  strata  may  yet  furnish. 

lo  this  district  the  Uinta  Oroup  occnpies  nearly  the  whole  surface  of 
the  western  portion  of  Axial  Basin,  comparatively  small  areas  immedi- 
stely  esst  and  immediately  north  of  Yampa  Mountaiu,  and  a  consider- 
able portion  of  the  space  between  Junction  Mountain  and  the  eastern 
end  of  the  Uinta  Uplift,  all  of  which  spaces  are  in  anbroken  continuity. 
It  also  occnpies  quite  a  large  space  in  the  western  part  of  the  district, 
wfaich  is  bordered,  in  a  general  way,  by  Kaven  Itidge,  Jied  Bluff  Wash, 
iDd  the  western  boundary-line  of  the  district,  beyond  which  it  is  con- 
tiDQed  far  to  the  westward.  Throughout  the  whole  of  this  last- men- 
tuned  space  the  strata  of  the  group  have  that  dull  rusty-red  aspect  and 
partial  bad-land  character  before  mentioned,  while  to  the  eastward  of 
tbe  Uiuta  Bange  the  general  aspect  of  the  group  is  gray. 

EBUPTIVE  BOCKS. 

Besides  the  stratified  rocks  of  this  district,  which  have  already  been 
described,  a  iew  of  igneous  origin  are  fouud  in  the  eastern  portion 
Tbene  are  remaining  portions  of  a  most  remarkable  ont  flow  of  dark  colored 
Ttticalar  bassaltic  trap,  which,  alter  the  close  of  the  Tertiary  period, 
tflok  place  in  the  region  bordering  upon  the  eastern  portion  of  this  dis- 
trict, extending  also  to  the  northward  and  southward.  Much  tbe  larger 
put  of  this  great  ontflow  has  evidently  been  removed  by  erosion  so  that 
ooly  shreds  of  it  remain  where  it  once  occupied  the  surface  as  a  contin- 
tioQB  sheet.  Broken  masses  of  this  rock  are  scattered  profusely  upon 
Dearly  all  the  higher  bills  iu  the  northeastern  portion  of  the  district, 
bat  Q|)ou  only  one  point  within  its  borders  was  it  seen  to  occupy  its 
original  nndistnrbed  position.  Just  beyond  tbe  border  of  the  district  to 
the  eastward,  however,  e5tpecially  upon  the  White  Biver  Plateau,  it  yet 
abondantly  overspreads  the  stratified  rocks  upon  which  it  was  deposited 
^  the  time  of  tbe  outflow.  This  trap-outflow  is  known  to  have  taken 
plaoe  after  the  deposition  of  the  Uiuta  Oroap  because  the  trap  is  found 
to  rest  npoa  the  latter  at  Fortification  Butte,  some  six  miles  north  of 
tbe  northeast  corner  of  this  district.  It  is  known  to  be  of  older  date 
than  the  drift  of  that  region,  and  also  older  than  other  Quaternary 
changes  that  haw*  taken  place  there,  because  it,  together  with  other 
rocks,  has  suffered  such  extensive  erosion  since  its  deposition,  and 
because  the  drifb-iiebbles  are  in  part  composed  of  the  trap. 

Other  oatflows  of  similar  rock  have  occurred  at  other  localities  in  the 
Park  Bange,  some  of  which  were  probably  contemporaneous  with  this 
one,  and  it  is  probable  also  that  this  one  was  produced  from  more  than 
oneyent.  Tbe  only  vents  I  was  able  to  observe,  however,  was  one  in  the 
form  of  a  dike,  some  eighteen  miles  north  of  the  northeast  corner  of 
tills  district,  and  another  at  ^^  Chimney  Bock ^  in  Egeria  Park,  in  the 
iDonntains  east  of  the  district.  This  dike  consistsof  a  vertical  wall  about 
twenty  feet  wide  and  three  or  four  miles  long.  The  rock  of  the  dikes  is 
similar  to  that  of  the  outspread  trap,  but  is  much  less  vesicular.  Indeed, 
U  was  not  often  that  any  vesicles  could  be  detected  by  the  unassisted  eye 
in  the  rock  of  the  first-named  dike,  and  these  were  flattened  in  the  ver- 
tical plane  of  the  dike  itself.  It  seems  to  have  been  only  in  the  hori- 
'^Dtal  portion  of  the  outflow,  where  the  pressure  was  at  its  minimum,  that 
the  vesicular  character  of  the  rock  became  most  marked;  and  in  some  of 
the  layers,  for.it  sometimes  has  an  indistinct  appearance  of  stratification^ 
tbe  vesicnlar  character  is  wanting. 


CHAPTER   IV. 


DISPLACEMENTS. 

This  district  possesses  nnnsnal  geological  interest,  becanse  it  is  the 
ground  upon  which  displacements  of  the  strata  belonging  to  two  differ* 
eut  orographic  systems,  those  of  the  Uinta  and  Park  Range  MoantaioSy 
meet  and  blend  together.    The  district  is  so  small,  however,  that  it  does 
not  embrace  within  its  limits  a  very  considerable  portion  of  either  of 
these  mountain  systems.    Some  of  the  minor  flexures,  or  the  vanishing 
ends  of  more  important  ones^  of  the  Park  Range  system,  reach  within 
the  eastern  border  of  the  district ;  but  the  greater  part  of  the  displace- 
ments which  the  strata  of  the  district  have  suffered  belong  to  the  Uinta 
system.    The  relation  of  these  displacements  to  the  Park  Range  system 
are  not  clearly  perceivable  until  they  are  traced  beyond  the  eastern  and 
southern  limits  of  the  district  here  especially  reported  on ;  therefore 
the  accompanying  map  is  made  to  embrace  considerable  additional  space 
beyond  both  its  eastern  and  southern  borders.    The  labors  of  the  other 
geologists  of  the  survey  have  made  known  the  orographic  character- 
istics of  that  portion  of  the  Park  Range  that  lies  to  the  eastward  and 
southeastward  of  this  district ;  while  those  of  Mr.  King  and  Professor 
Powell  have  made  us  acquainted  with  the  structure  of  the  Uinta  Range. 
Tbe  main  dis[>lacements  of  these  two  systems  being  thus  known,  their 
relation  to  and  connection  with  each  other  and  with  accessory  flexures 
within  this  district  may  be  easily  traced  upon  the  accompanying  geolog* 
ical  map. 

Tbe  general  plan  of  structure  of  the  Uinta  Uplift  has  been  shown  by 
Mr.  King  and  Professor  Powell  to  consist  essentially  of  one  great  flexure 
of  uplift,  tbe  axis  of  which  is  approximately  east  and  west.  Tbe  last- 
named  geologist  has  shown  that  this  great  Axial  Uplift  of  the  Uinta 
Mountain  system  is  distinctively  characterized  by  an  abrupt  flexure  of  tbe 
strata,  which  is  in  some  places  a  true  fault,  on  each  side  of  tbe  great 
fold,  and  that  between  the  two  abrupt  side  beudings  the  anticlinal  bend- 
ing of  the  strata  is  comt>aratively  slight.  This  peculiar  form  of  folding 
of  tbe  flexures  seems  to  be  generic,  so  to  speak,  to  the  Uinta  system, 
since  it  is  found  to  characterize  certain  of  the  principal  accessory  flexures 
as  well  as  the  Yampa  and  Junction  Mountain  upthrnsts,  as  will  be  ex- 
plained in  connection  with  their  description  on  following  pages. 

Tbe  Uinta  system  ends,  as  a  mountain-range,  npon  and  abont  mid- 
length  of  the  northern  border  of  this  district;  but  the  Axial  Flexure, 
abruptly  and  very  greatly  diminisbed  in  scope,  continues  eastward  from 
the  end  of  tbe  mountain-range  through  tbe  strata  of  tbe  eastern  portioa 
of  the  district  and  blends  with  certain  flexures  of  the  Park  Range,  as 
will  be  explained  on  following  pages.  Tbe  accessory  or  subordinate 
flexures  or  uplifts  pertaining  to  the  Uinta  system,  that  lie  within  this 
district,  are  of  a  peculiar  and  interesting  character.  Tbe  larger  ones 
lie  approximately  parallel  with  and  closely  adjacent  to  the  Axial  Uplift, 
and  constitute  an  integral  portion  of  tbe  eastern  end  of  the  mountain- 
range;  but  tbe  outlying  smaller  flexures  are  not  only  separate  from  tbe 
first  named,  but  also  from  each  other.    Tbe  smaller  ones  diminish  in 
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Kope  with  their  distance  from  the  main  axis,  and  diverge  or  sweep 
aioand  to  the  soatheastward  as  they  stretch  away  from  the  Uinta  Moant- 
aiD&  Although  there  is  a  greater  or  less  degree  of  divergence  of  these 
Milx)rdioate  axes  of  flexure,  they  have  neither  a  common  origin  nor  a 
common  radial  center  in  either  of  the  two  monntain  systems ;  but  the 
podtkoo  of  some  of  them,, at  least,  shows  equally  intimate  relations  with 
botL  There  are  within  this  district  three  of  these  subordinate  flex- 
ores  or  oplifta  which  have  intimate  relations  with  the  Uinta  system,  and 
that  have  received  di^^tiiictive  names,  besides  two  peculiar  isolated 
moaniaiu  apthrusts,  all  of  which  will  be  described  separately  on  fol- 
lowing pages*  These  are  the  Plateau,  Midland,  and  Baven  Park  Uplifts, 
iDdJoDctioD  and  Yampa Mountain  upthrusts, all  of  which  are  shown  in 
tbeir  relative  positions  in  the  sections  at  the  bottom  of  the  geological 
Bmp  accompanying  this  report. 

UPLIFTS  AND    UPTHEUSTS.^ 

TheAsial  UpU/L — ^This  term  is  appli^  to  the  main  flexure  of  the 
Uinta  system*  The  general  course  of  the  axis  of  this  flexure  through  the 
liortbern  portion  of  this  district  is  eastward,  with  a  broad  curve,  the 
ooQcavity  of  which  is  to  the  southward.  Its  course  is  plainly  indicated 
on  tbe  geological  map  by  the  outcrops  of  the  formations  that  border 
both  the  eastern  and  western  portions  of  Axial  Basin. 

Upon  reaching  the  eastern  borders  of  this  district  the  Axial  Flexure 
bends  quite  abruptly  to  the  southward,  and  is  lost  among  the  hills  that 
lie  to  the  eastward  of  Agency  Park,  which  are  a  part  of  tbe  foot-hills  of 
the  Park  Range  of  mountains.  A  short  branch  of  the  Axial  Flexare  sep- 
arates from  the  main  portion  at  the  eastern  border  of  the  district,  and 
toms  abruptly  in  a  direction  a  little  west  of  northward,  passing  near 
GanoD  Park,  and  blends  with  the  general  uplift  of  strata  as  they  rise 
toward  the  foot-hills  of  the  Park  Range,  north  of  Yampa  Biver. 

Jodging  from  the  phenomena  now  presented  by  the  eastern  end  of 
tbe  Axial  Uplift,  it  seems  probable  that  at  least  tbe  portion  of  it  which 
lies  within  and  adjacent  to  this  district  was  at  flrst  a  simple,  approx- 
imately uniform,  upward  flexure;  and  that  while  a  part  of  it  remaintMl 
M  originally  flexed,  those  portions  that  now  form  the  mountains  were 
more  or  less  sharply  uplifted  from  the  remainder,  tbe  added  displacement 
upoQoting  to  tbottsands  of  feet.  We  And  tbat  the  axis  of  tbe  main 
Uinta  uplift  is  prolonged  eastward  from  the  eastern  end  of  that  mount- 
ain range  as  a  comparatively  slight  flexure  of  Cretaceous  strata,  wbich 
blends  with  those  of  the  Park  Range  foot-hills,  as  before  described^  and 
that  the  mountains  of  the  Uinta  system  are  composed  of  those  strata 
only  that  have  been  thus  sharply  upliited,  although  tbe  latter  have  suf- 
ferred  immense  erosion  since  tbeir  elevation.  Possibly  they  would  have 
Buffered  still  gi*eater  erosion  if  it  were  not  tbat  tbe  uplift  has  brougbt  up 
tbe  comparatively  hard  Carboniferous  strata,  and  those  of  tbe  still  harder 
Weber  qaartzite,  so  high  that  they  now  constitute  the  visible  portion 
of  tbe  whole  mountain  range.    The  amount  of  displacement  embraced 

^lo  asing  the  terms  ^'npliff  and  '^uptbrast,"  I  do  not  thereby  intend  to  expreiss 
*oy  opinion  as  to  tbe  actual  direction  of  movement  in  the  displacement  of  tbe  strata, 
^oether  upward  or  downward.  The  terms,  espeoiaUy  tbe  first,  will  be  readily  nnder- 
*^Qod,  and  it  seems  more  oonvenient  for  tbe  reader  and  investigator  to  regard,  at  least 
tentatively,  the  lower,  which  is  tbe  larger  mass,  as  tbe  fixed  one ;  and  tbe  higher, 
vbich  are  relatively  the  smaller  masses,  as  those  that  have  been  uplifted.  Tbe  term 
"Bptbmst,''  flofaras  lam  aware,  has  not  been  used  before.  Its  applicability  will 
pUioly  appear  in  th»  foUowing  descriptions  of  the  displacements  of  Junction  and 
lampa  MonDtaina. 
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by  tbis  separate  elevation  of  the  PalsBzoic  rocks  above  tbe  adjacent 
Oretaeeoas  strata  which  now  cover  the  less  aplifted  part  of  the  Axial 
Flexure  reached  from  7,000  to  8,000  feet,  and  the  displacement  was 
accomplished  partly  by  faulting  this  immense  thickness  of  strata  and 
partly  by  very  abrupt  flexure. 

The  eastern  end  of  the  mountain  portion  of  the  Axial  Uplift  termi* 
nates  by  a  broad,  sweeping,  or  partiversal*  dip  of  the  strata,  whicb  dip 
i8  abrupt,  much  like  that  of  the  sides  of  the  uplift.  That  part  of  the 
terminal  mountain  mass  of  the  main  range  which  lies  within  and  upon 
the  northern  boundary  of  this  district  consists  of  Garboniferous  strata, 
and  is  flanked  at  its  base  by  the  upturned  edges  of  the  Jura-Trias,  I>a- 
kota,  and  Colorado  groups  successively.  The  strata  of  the  Colorado 
Group,  however,  quickly  become  horizontal,  or  nearly  so,  and  occupy  the 
low  ground  around  the  mountain ;  but  they  are  there  partly  obscured  by 
the  stnita  of  the  Uinta  Group.  A  very  large  part  of  the  mass  of  the 
Uinta  Mountain  Range  consists  of  the  Weber  quartzite,  which  ^reat 
formation  is  probably  about  fifteen  thousand  feet  thick.  All  the  visible 
portion  of  the  Axial  Uplift,  however,  that  lies  within  this  district,  con- 
sists of  Carboniferous  strata  alone,  except  the  Weber  quartzite,  whicii 
is  exposed  in  Ju  notion  and  Yampa  Mountains,  presently  to  be  descri  bed ; 
and  is  also,  perhaps,  very  slightly  exposed  at  the  point  where  Sig^ual 
Shot  Creek  Cadou  opens  into  the  eastern  portion  of  Bed  Bock  fiasin. 

Junction  Mountahi  Upthi^ust — As  regards  their  structure  and  origin, 
Junction  and  Yampa  Mountains  are  most  remarkable  isolated  monotain 
masses,  both  having  essentially  the  same  structure,  and  doubtless  a 
simultaneous  origin.  Both  are  situated  upon  the  axis  of  the  Axiai 
Flexure,  eastward  of  and  separate  from  the  main  mountain  masses  of 
the  Uinta  chain  and  from  each  other,  and  where  that  flexure  is  compara- 
tively  slight.  ^ 

Junction  Mountain  is  situated  three  or  four  miles  east  of  the  terminal 
mountain  mass  of  the  Uinta  chain,  t)etween  which  two  mountains  Snake 
Biver  flows  to  its  confluence  with  the  Yampa*  Although  this  mountain 
is  so  near  tbe  other  mountains  of  the  Uinta  system,  and  is  so  evidently 
a  part  of  that  system,  it  is,  nevertheless,  entirely  isolated  in  its  struc- 
ture and  elevation  as  well  as  by  its  position.  It  consists  of  a  separate 
and  distinct  upthrust  of  the  Carboniferous  and  Weber  quartzite  strata 
through  those  Qf  Mesozoic  and  Cenozoic  age,  which  have  remained 
almost  undisturbed  in  tbe  immediate  neightorhood  by  that  separate 
and  remarkajble  displacement.  The  manner  of  this  displacement,  which 
I  have  called  an  upthrust,  may  be  illustrated  by  the  action  of  a  large 
punch,  worked  by  machinery,  for  perforating  heavy  iron  plates,  so 
clearly  defined  does  the  separation  appear  to  be  between  the  uplifted 
and  the  surrounding  strata.  The  illustration  will  doubtless  be  more  ac- 
curate if  we  imagine  the  punch  and  die  to  have  beoome  so  worn  by  use 
that  the  iron  plate  is  torn  in  places  and  nowhere  clearly  cut  in  the 
process  of  punching.  This  mountain  upthrust  is  oval  in  form,  the  long 
diameter  being  nearly  twelve  miles  and  the  short  one  about  four  miles. 
The  strata  about  midway  of  both  sides  are  nearly  or  quite  vertical, 
while  the  dip  at  the  northern  and  southern  ends,  although  steep,  is  much 
less  than  at  the  sides. 
Tbe  direction  of  the  long  diameter  is  northwestward  and  sontbeast- 

*A11  anticlinal  axes  must  necessarily  dip  more  or  less  in  some  portion  of  their  ex- 
tent; bnt  in  this  region  there  are  niaov  examples  of  very  short  and  rapidly-dipping 
anticlinals  around  the  vanishing  end  or  which  the  strata  dip  by  a  sweep  of  the  greater 
or  less  part  of  a  circle.  I  apply  the  term  *'  parti versal "  to  sach  a  dip,  and  use  it  io  • 
sense  similar  to  that  in  which  **  quaqua versal "  is  used  for  a  dip  in  {dl  directiona. 
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viud,  and  neither  this  diameter  nor  the  short  one  coincide  with  the  di- 
neetioo  of  the  axis  of  the  main  uplift.  Its  independence  of  the  great 
msj  however,  is  not  withont  some  analogy  in  that  of  the  Plateau  Up- 
lift and  the  Yampa  Mountain  Upthrnst,  fw  the  main  axis  of  the  Uinta 
sfBtem  makes  a  broad  bend  to  the  northward  opposite  Yampa  Plateau, 
wkkh  the  asis  of  the  Plateau  Uplift  does  not  coincide  with;  and  it  is 
tte  short  axis  of  the  Yampa  Mountain  Upthrust,  and  not  the  long  one, 
tiiat  ooiDcides  approximately  with  the  general  direction  of  the  main 
Uinta  axis.  These  diverse  positions  of  the  axes  of  the  accessory  uplifts 
ud  upthnists  in  relation  to  the  main  axis,  as  well  as  the  separateness 
of  each  of  these  displacements,  seem  to  be  in  keeping  with  the  assumed 
nperadditiou  to  the  primary  Axial  Uplift,  as  has«beeu  before  sug- 
gested. 

The  amount  of  the  relative  upward  displacement  of  the  strata  that 
Dov  ooostitnte  Junction  Mountain  is  easily  computed  from  the  kngwu 
thiefeuess  of  the  intervening  groups  in  that  region.  For  example,  the 
(op  of  the  Weber  qnartzite,  as  seen  in  the  caftou  which  Yampa  River 
Infi  cQt  through  Junction  Mountain,  has  been  raised  to  a  height  that  is 
aboot  equal  to  that  of  the  top  of  the  Colorado  Gronp,  as  it  now  exists 
in  immediate  proximity,  or  the  plane  that  its  top  would  now  occupy  there 
if  it  had  not  been  removed  by  erosion.  Therefore,  the  sum  of  the  thick- 
Bess  of  the  whole  of  the  Oarboniferous,  the  Jura-Trias,  and  the  Dakota 
ud  Colorado  groups  is  equal  to  the  entire  upward  displacement  of  the 
rtmta  that  now  constitute  Junction  Mountain,  becau8e  all  these  groups 
of  strata  intervene  between  the  top  of  the  Uinta  sandstone  and  the  top 
of  the  Colorado  grou|).  The  amount  of  this  displacement  is,  therefore, 
not  less  than  8,000  feet,  as  will  be  seen  by  referring  to  the  thickness 
that  I  have  assigned  to  those  groups  in  Chapter  III.  Such  an  extraor- 
dioary  displacement  as  this,  and  the  no  less  extraordinarily  small  limit 
within  which  it  has  been  confined,  seems  to  justify  the  use  of  the  term 
^npthrost,"  as  distinguishing  it  from  ordinary  uplifts. 

The  illustration  of  the  manner  of  this  upthrust  that  has  been  used, 
by  comparing  it  to  the  action  of  a  dull  punch  upon  a  plate  of  iron,  so 
tibtthe  sides  of  the  hole  would  be  somewhat  torn  in  places  instead  of 
Mog  everywhere  cleanly  cut^  is  appropriate,  from  the  fact  that  at  three 
or  foar  places  upon  the  borders  of  the  upthrust,  and  near  or  at  the  base 
of  the  mountain,  there  are  portions  of  Triassic  strata  that  have  been 
i^parated  in  the  upward  movement,  but  have  been  dragged  up  and 
thrown  over  backward,  or  otherwise  tilted,  and,  as  it  were,  caught  in 
the  jaws  of  the  fault.  The  position  of  some  of  these  dragged  portions 
is  Bhown  npon  the  geological  map. 

The  illustration  of  the  action  of  a  dnll  punch  that  has  just  been  used, 
is  still  further  applicable  to  the  broadly-rounded  surfaces  of  the  uplifted 
strata,  producing  a  gentle  quaquaversal  dip  from  the  center  to  near 
the  horders  of  the  upthrust,  where  the  dip  becomes  suddenly  greater, 
or  a  foult.  The  outline  of  the  upthrust^  as  before  remarked,  is  oval,  and 
^e  faulting  seems  to  have  taken  place  only,  or  mainly,  at  the  sides.  At 
Ue  ends,  the  strata  appear  not  to  be  faulted,  but  only  strongly  flexed. 

Tampa  Mountain  Upthrust — ^The  general  description  that  has  been 
Sivea  of  Junction  Mountain,  as  to  its  origin  and  structure,  will  apply  in 
almost  every  particular  to  Yampa  Mountain.  The  amount  of  displace- 
BieDt  which  its  strata  have  sneered  in  relation  to  those  that  immediately 
sorroond  the  upthrust,  is  a  little  greater  than  tbat  of  Junction  Monnt- 
sio,  although  the  size  of  the  Yampa  Mountain  Upthrust  is  a  little 
smaller  than  the  other,  and  its  position  is  somewhat  remote  from  the 
other  mountain  uplifts  of  the  Uinta  Range.    This  mountain  upthrust  lies 


44       BEPOBT  UNITED  STATES  GEOLOQICAL  SURVEY. 

aboat  sixteen  miles  eastward  from  that  of  Jonction  Moan  tain,  with  it 
long  diameter  upon  and  directly  across  the  low,  eastward  extension  < 
the  Arial  Flexure  of  the  Uinta  Bange.  Its  long  diameter  has  a  directio 
a  few  degrees  west  of  southward,  and,  therefore,  it  does  not  correspon 
with  the  axes  of  any  of  the  other  uplifts  of  the  Uinta  system.  ^  Upo 
casual  view  it  might  be  expected  that  the  long  diameters  of  both  tfaea 
upthrnsts  would  be  found  to  correspond  with  the  axis  of  the  OidC 
Bange,  or  at  least  that  they  would  corresi)ond  with  each  other,  sin^ 
the  two  mountains  are  so  similar,  and  both  occur  on  the  same  axiK 
flexure.  On  the  contrary,  if  lines  drawn  through  the  long  diameter  of  eaci 
of  the  upthrnsts  were  produced  south  ward,  they  would  meet  at  an  an^le  o 
about  50^.  The  relative  position  of  the  long  diameters  of  these  upthrast 
is  in  keeping  with  the  curvature  of  the  Axial  Flexure'upon  which  they  a» 
located,  as  it  sweeps  around  from  the  Uinta  to  join  the  Park  Raugi 
system ;  and  their  transverse  instead  of  longitudinal  position  upon  t^ai 
flexure  is  probably  due  to  simultaneous  impingement  of  force  that  wai 
exerted  from  both  the  adjacent  mountain  systems  while  the  upthrasti 
were  in  progress  as  superadditions  upon  the  original  flexure. 

The  strata  or  the  Golocado  Group  which  surround  Junction  Monntaio 
are  much  obscured  by  the  overlying  drift  and  the  soft  strata  of  the  Uiutai 
Group.  The  strata  of  the  Colorado  Group  also  closely  surround  Yampfl 
Mountain,  and  are  also  largely  obscured  by  the  same  deposits  as  in  the 
other  case. 

The  escarpments  of  the  Fox  Hills  and  Laramie  groups  that  bordei 
both  sides  ot  the  long  Axial  Basin  reach  witliin  the  immediate  vicioity 
of  Yampa  Mountain ;  but  the  strata  of  the  escarpment  upon  the  soaCli* 
ern  side,  while  they  partake  of  the  general  axial  flexure,  do  not  seeai  to 
have  been  especially  flexed  or  otherwise  disturbed  by  the  extraordinary 
movement  of  this  upthrust  except  at  its  immediate  borders.  Those  on 
the  northern  side,  however,  are  found  to  have  been  abruptly  flexed  to 
the  northward  by  the  less  abrupt  elevation  of  the  strata  composing  the 
northern  portion  of  the  upthrust.  The  character  of  these  two  upthrnsts 
is  partially  illustrated  in  the  long  section  at  the  bottom  of  the  geolo^cal 
map  accompanying  this  report,  and  still  further  by  the  longitudinal 
section  of  Yampa  Mountain  upon  the  same  sheet. 

The  Plateau  Uplift — The  long,  broad  mountain  mass  which  has  been 
designated  as  Yampa  Plateauupon  the  accompanying  and  other  maps, 
is  not  strictly  parallel  with  the  axis  of  the  adjacent  portion  of  the  main 
uplift  of  the  Uinta  Bange,  yet  it  is,  in  an  important  sense,  a  parallel 
and  accessory  flexure.    It  is  not,  properly  speaking,  divergent  from  the 
main  axis  of  the  range,  but  by  its  northern  side  it  lies  closely  adjacent 
to,  really  parallel  with,  a  corresponding  portion  of  the  southern  side  of 
the  main  uplift,  with  which  it  in  part  coalesces ;  and  yet  the  Plateau 
Uplift  is  quite  independent  in  its  termination  at  both  ends,  as  well  as 
nearly  or  quite  so  by  a  separate  s v  nclinal  flexure.    In  a  mere  topograph- 
ical sense,  Midland  Uplift  also  constitutes  a  part  of  Yampa  Plateau,  but 
ibr  geological  purposes  that  uplift  must  be  separately  considered.    In 
some  degree  Plateau  Uplift  is  an  epitome  of  the  great  Axial  Uplift,  for 
it  aldo  consists  of  the  full  series  of  Carboniferous  strata  together  with 
a  central  mass  of  the  Weber  quartzite.    Its  manner  of  uplift  is  also 
similar,  for  it  rises  by  an  abrupt  flexure  of  the  stniUi  upon  either  side, 
the  flexure  of  the  strata  between  being  comparatively  slight.    This 
character,  as  well  as  the  relations  of  the  Plateau  Uplift  to  its  associated 
displacements,  is  shown  in  one  of  the  sections  at  the  bottom  of  the  ac- 
companying map.    The  flattening  of  the  flexure  between  its  two  ab- 
ruptlybent  sides  gives  the  uplift  its  plateau-like  character,  which,  how- 
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erer,  is  preserved  in  odIj  a  part  of  it^  the  reiDainder  being  narrowed 
bf  the  erosion  of  Fox  Greek  Vallej,  and  in  part  modified  by  the  spur- 
Eke  termiDation  of  both  ends; 

The  width  of  Plateau  Uplift  varies  from  about  five,  to  ten  miles ;  and 
its  extreme  length  as  a  mountain  elevation  is  about  forty-five  miles.  It 
m  widest  at  its  western  end,  where  it  terminates  by  two  ^reat  spurs  or 
w»ota  n  ridges,  namely,  Split  Monntain  and  Section  Ridge,  each  of 
wbidi  has  a  westward-dipping  anticlinal  axis,  and  consequently  a  parti* 
wraal*  dip  of  its  strata.  At  its  eastern  end,  however,  it  terminates  by 
saly  one  dipping  anticlinal,  with  its  abrupt  partiversal  dip,  the  sweep 
of  which  is  broader  than  that  of  the  two  western  ones.  The  eastern 
€od  of  the  Plateau  Uplift  extends  so  far  eastward  as  to  blend  with  the 
ttfminal  mountain  mass  of  the  axial  portion  of  the  Uinta  Bange.  The 
iBtimate  connection  of  the  Plateau  Uplift  with  that  of  the  main  Uinta 
txii  will  be  understood  by  the  statement  that  the  two  are  separated 
sBly  by  a  shaip  synclinal  axis,  which  is  in  part  a  fault.  The  maximum 
UDoont  of  this  displacement  is  fully  2,000  feet ;  but  in  some  places, 
BCfertlieless,  the  mountain  masses  of  the  two  uplifts  are  blended  to- 
fedier  topographically  just  as  the  Midland  Uplift,  presently  to  be  de- 
Kribed,  is  in  part  blended  with  the  Plateau  Uplift.  The  mass  of  the 
ktter  nplift  is,  however,  in  large  part  separated  topographically  from 
tktt  of  the  Axial  Uplift  by  the  deep  Red  Rock  Basin,  described  on  a 
previous  page,  and  by  the  eastward  prolongation  of  that  basin  in  the 
km  of  a  mountain  valley.  The  two  great  spurs  which  project  from 
tibe  western  end  of  Yampa  Plateau,  with  their  rapidly-dipping,  anti- 
dmal  axes  and  the  regular  partiversal  dip  of  their  strata,  are  remark- 
able for  their  magnitude  as  well  as  tbr  their  inherent  peculiarities.  They 
ue  really  great  mountain  masses^  their  summits  being  more  than  3,000 
feet  above  the  neighboring  portion  of  Green  River,  which  traverses 
Split  Mountain  by  a  profound  canon,  as  has  been  described  on  a  pre- 
fiOQs  page  of  this  reiK>rt. 

Ike  Midland  Uplift. — ^The  amount  of  displacement  which  took  place 
in  the  elevation  of  this  uplift  is  nearly  5,000  feet  from  the  strata  of  the 
Colorado  Group  which  flank  it  immediately  to  the  southward,  and  which 
reoiain  there  comparatively  undisturbed }  and  yet  this  displacement  is 
iboot  3,000  feet  less  than  that  of  Plateau  Uplift,  with  which  Midland 
Uplift  lies  parallel  and  in  close  contact  The  influence  of  the  latter  up- 
m  extended  still  fiirther  eastward ;  but  it  is  only  the  mountain  portion 
tbat  is  specially  discussed  under  this  head.  This  portion  constitutes 
^  topographical  feature  I  have  called  Midland  Ridge,  as  well  as  a 
Pftrt  of  Tampa  Plateau,  with  which  it  is  continuous.  The  strata  exposed 
to  view  by  the  Midland  Uplift  are  almost  wholly  those  of  the  Jura-Trias 
SIKMips.  Those  strata  that  have  been  definitely  referred  to  the  Jurassic 
period,  as  well  as  those  of  the  Dakota  Group,  flank  the  uplift  all  along 
its  southern  border ;  and  upon  the  highest  portion  of  the  Ridge  there  is 
^  a  small  area  that  is  capped  by  these  strata.  The  red  beds  of  the 
Jara-Trias  have  been  much  exposed  by  erosion  in  a  very  large  part  of 
tlie  Bidge,  their  bright  colors  and  great  elevation  above  the  surround- 
ing oonntry  making  very  conspicuous  and  striking  features  of  the  land- 
scape. The  mountain  portion  of  Midland  Uplift,  the  eastern  part  of 
vhieh  I  have  called  Midland  Ridge,  does  not  extend  so  far  eastward 
^  the  moontain  masses  of  the  plateau  and  great  axial  uplifts  do ;  but 
V  a  flexure,  Midland  Uplift  extends  much  farther  eastward.  Its  axis 
^  makes  a  bend  to  the  southward  in  the  course  of  its  eastward  exten- 
noil,  somewhat  like  that  of  the  eastward  extension  of  the  Axial  Uplift ; 

*  See  foot-note  on  page  42. 
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and,  passing  through  the  soatheni  end  of  Pifion  Bidge,  it  crosses  Wbitt 
Biver  and  qaickly  disappears  by  a  partiversal  dip  of  the  strata  of  thi 
Laramie  and  Wasatch  groaps.  The  extent  of  the  displaoemeDt  o 
this  eastern  portion  of  Midland  Uplift,  is  much  less  than  that  of  th^ 
western  portion,  and  has  brought  to  view  no  strata  beneath  those  of  tii4 
Cretaceous  groups. 

Midland  Uplift  consists  essentially  of  a  monoclinal  flexure,  with  tb< 
rise  upon  the  northern  side.  The  flexure  is  quite  as  distinctly  monoeli 
nal  in  the  less  displaced  eastern  portion  as  it  is  in  the  western  part,  when 
the  northern  side  of  this  nplift  is  in  contact  with  the  southern  side  o 
Plateau  Uplift.  The  facts  observed  seem  to  warrant  the  conclusiou  thai 
all  the  flexures  of  the  strata  which  pertain  to  the  Uinta  system  within 
and  adjacent  to  this  district  were  simultaneous  in  their  origin,  and  thai 
the  movement  of  elevation  of  these  folds  proceeded  simultaneously  ap 
to  a  certain  stage  and  then  halted  in  their  common  upward  movement 
Also  that  the  special  elevation  of  the  mountain  masses,  which  occup.^ 
either  the  whole  or  the  principal  part  of  each  of  the  original  folds,  then 
took  place  as  sharply-defined  superadditions  to  their  initial  elevation, 
which  culminated  in  the  Uinta  Mountain  system.  It  is  also  evident 
(assuming  for  purposes  of  description  the  actual  uplift  of  these  folds) 
that  certain  of  the  specially  elevated  accessory  nplifts  halted  in  their 
npward  movement,  while  that  of  the  adjacent  larger  or  principal  ones 
continued.  This  view  is  supported  by  the  fact  that  all  along  the  flex* 
ure  which  divides  Midland  Uplift  firom  that  of  Yampa  Plateau  the 
strata  of  the  former  are  sharply  flexed  up  against  the  latter,  presenting 
the  appearance  of  having  been  dragged  by  the  superadded  npward 
movement  of  the  Pateau  nplift. 

Midland  Uplift  terminates  at  its  western  end  by  narrowing  rapidly  to 
a  point  against  the  southern  side  of  Section  Bidge,  so  that  the  Creta- 
ceous strata,  which  are  flexed  up  against  its  own  south  side,  are  con- 
tinued in  like  manner  without  interruption  or  material  change  in  dip 
along  the  south  side  of  Section  Bidge  and  around  its  western  end,  as 
will  be  further  explained  under  the  head  of  flexures. 

Raven  Park  Uplift. — The  middle  of  this  uplift  is  some  eight  or  ten  miles 
south  of  the  southern  border  of  Midland  Uplift.  It  is  thus  not  only  iso- 
lated from  all  those  that  have  been  before  considered,  but  its  elevation 
has  involved  a  much  less  amount  of  displacement  of  the  strata  of  the 
region  than  that  of  any  of  the  others,  the  lowest  strata  that  have  been 
brought  to  the  surface  upon  its  axis  being  those  of  the  Golorado  Group. 
In  this  respect  it  resembles  the  less  elevated  eastern  portion  of  both  the 
Axial  and  Midland  Uplifts,  but  it  is  free  from  any  superadded  nplift  or 
npthrust,  such  as  has  taken  place  upon  those  primary  nplifts.  By  this 
characteristic,  as  well  as  by  its  local  separation  and  slight  relative  ele- 
vation, it  is  distinct  from  the  Uinta  Mountain  masses,  but  it  is  never- 
theless an  outlying  fold  belonging  to  that  system  of  uplifts* 

Baven  Park  Uplift  is  a  very  short  one,  not  more  than  twenty-five  or 
thirty  miles  long,  its  eastern  and  western  extent  being  scarcely  so  great  as 
that  of  Midland  Uplift,  from  which  Baven  Park  Uplift  lies  immediately 
southward.  Its  longer  axis,  however,  is  not  parallel  with  that  of  those 
portions  of  the  three  uplifts  that  lie  directly  north  of  this  uplift,  but  its 
direction  is  northwestward  and  southeastward ;  in  this  res|>ect conforming 
in  general  direction  with  the  southerly  sweep  of  the  eastern  end  of  both 
Axial  and  Midland  Uplifts.  The  significance  of  this  change  in  the  diree- 
tion  of  these  axes  from  that  of  the  general  trend  of  the  Uinta  Ohain  is 
doubtless  to  be  sought  in  the  fact  of  their  approaching  relation  to  tbe 
uplifts  and  flexures  of  the  Park  Bangesystem.   The  flexureof  the  southern 
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of  this  aplifty  wbich  I  hare  called  the  Baven  Bidge  Flexare,  is  nmch 
abrapt  than  that  of  the  northern  side.  This  is  also  a  peculiarity 
of  the  eastern  prolongation  of  the  Midland  Uplift,  the  soathern  flexure 
ef  vhieh  is  a  {mrt  of  the  Great  Midland  Flexure,  and  also  of  the  western 
portioD  of  the  Danforth  Hills  Uplift,  presently  to  be  described.  In  short, 
U  ia  a  common  peculiarity  of  the  flexures  that  are  embraced  within  the 
sweep  of  the  eastward  extension  of  the  Axial  Uplift,  as  it  extends  from 
theUnita  system  to  join  with  the  Park  Bange  system;  but  it  is  not  a 
pecoliarity  of  the  Axial  Uplift  itself,  which  has  a  nearly  uniform  curva- 
ture or  flexure  from  side  to  side.  The  significance  of  the  greater  abrupt- 
MMof  the  dip  upon  the  southern  side  of  these  secondary  uplifts  is,  no 
dmbt,  to  be  sought  in  the  forces  which  have  acted  laterally  as  well  as 
vertually  in  the  elevation  of  the  two  great  ranges  of  mountains,  at  least 
vitbiD  the  angle  formed  between  the  two  within  this  district. 

The  dip  of  the  strata  is  in  all  directions  from  the  middle  of  Baven 
PM,  but  it  varies  much  in  degree  in  different  directions.  It  is  very 
dight  to  the  northward  and  westward,  not  reaching  so  much  as  10  de- 
jcrees,  while  in  the  Baven  Bidge  Flexure,  at  the  south  side  of  Baven 
PM,  the  dip  is  as  much  as  60  degrees,  from  which  point  it  diminishes 
both  eastwanci  and  westward,  until  the  uplift,  as  such,  Qnally  disappears. 

Tke  Dan/orth  Hills  Uplift — ^Eastward  from  the  eastern  end  of  the 
Plateau  and  Midland  npliits,  and  between  them  and  the  displacements 
that  are  more  properly  referable  to  the  Park  Bange  system,  there  is  a 
broad,  irregular  synclinal,  which  is  occupied  by  the  strata  of  the  Wa- 
tateh  and  Green  Biver  gtonps,  of  Tertiary  age.  The  depth  and  impor- 
taace  of  this  synclinal  is  shown  in  one  of  the  sections  at  the  bottom  of 
tbe  accompanying  geological  map.  Its  importance  still  further  appears 
by  tbe  fact  that  the  difference  of  displacement  between  the  top  of  the 
Onsen  Biver  strata  which  rest  upon  it  and  that  of  the  Carboniferous 
strata  that  are  exposed  in  the  uplifts  and  npthrusts  that  have  been  de- 
scribed, the  latter  of  which  are  less  than  half  a  dozen  miles  from  its 
borders,  is  more  than  10,000  feet.  This  great  synclinal  is  partly  sur- 
nmoded  by  an  outcrop  of  the  strata  of  the  Fox  Hills  and  Laramie 
gnraps,  which  are  nptumed  by  the  Midland  Flexure  as  it  traverses  by 
a  tortuous  course  almost  the  entire  length  of  the  district.  Adjoining 
tbe  northern  side  of  this  broad  synclinal  is  the  Dantorth  Hills  Uplift, 
vbieh,  although  a  comparatively  slight  one,  derives  peculiar  ioterest 
from  the  fact  that  it  is  so  intimately  connected  with  the  displacements 
of  both  the  neighboring  mountain  systems  that  it  cannot  be  excln- 
arely  referred  to  either.  The  displacement  of  strata  involved  in  this 
uplift  upon  its  northern,  or  rather  northeastern,  side  is  comparatively 
Blight,  because  they  connect  by  a  very  gentle  synclinal  with  those  that 
have  been  still  more  elevated  by  the  Axial  Uplift,  and  the  general  rise 
of  all  tbe  strata  of  the  district  toward  the  foot-hills  of  the  Park  Range. 
The  displacement  at  the  southern  side  of  this  uplift,  however,  is  very 
great,  the  drop  of  the  Midland  Flexure  there  being  not  only  very  ab- 
rapt, bat  it  amounts  to  more  than  3,000  feet. 

TbeDanforth  Hills  Uplift  is  bounded  on  its  southeastern  side  by  the 
Midland  Flexure,  its  other  boundary  being  a  gentle  synclinal  that  ex- 
tends eastward  from  the  point  of  junction  of  the  Midland  Flexure  with 
that  of  the  Great  Hogback,  in  Hogback  Valley,  and  sweeps  around,  but 
vithiD,  the  entire  eastern  end  of  the  Danforth  Hills,  and  thence  north- 
vestward  along  their  northern  slope,  fading  out  in  the  vicinity  of  Yam  pa 
Moaotaiu,  where  the  uplift  as  a  separate  displacement  also  disappears. 

Ihindry  upUfta. — ^Besides  the  uplifts  that  have  been  specially  described 
QD  preceding  pages,  certain  portions  of  others  reach  within  the  bonn- 
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daries  of  this  district.  Among  these  is  the  Dorthern  extremity  of  tb 
Great  £Ik  Monntain  Uplift,  the  priDcipal  part  of  which  has  been  so  a  bl; 
described  and  illustrated  by  Mr.  W.  H.  Holmes  in  his  report  for  187^ 
Although  the  principal  mass  of  that  nplift  is  more  than  a  hundretl  mile 
distant  to  the  southward,  its  northern  vanishing  end  is  in  the  bluffs  tba 
form  the  northern  border  of  Agency  Park,  where  it  is  separated  fron 
the  southeastern  end  of  the  Danforth  Hills  Uplift  ouly  by  the  g^enth 
synclinal  that  has  been  before  mentioned  as  a  part  of  the  boundary  01 
the  latter  nplift.  The  connection  of  Elk  Mountain  Uplift  will  t>e  fartbei 
referred  to  under  the  head  of  **  Flexures." 

Two  or  three  very  faint  uplifts,  or  undulations  of  the  strata,  cross 
Green  Biver  from  the  southeastern  part  of  this  district.  These  are 
doubtless  the  result  of  the  same  force  that  elevated  the  Uinta  Mountain 
system,  as  it  diminished  in  intensity  with  the  tlistance  from  the  great  axis. 

Besides  the  uplifts  the  boundaries  of  which  may  be  defined,  there  ia 
a  general  uprising  of  all  the  strata,  to  the  eastward,  against  the  western 
flank  of  the  Park  Range  system.  It  is  upon  this  broad,  gently  inclined 
plane  of  strata  that  a  portion  of  the  minor  uplifts  already  described  are 
defined.  Even  the  eastern  termination  of  the  great  Axial  Uplift  of  the* 
Uinta  system  extends  upon  this  elevated  inclined  plane  of  strata  which 
has  been  lifted  as  a  part  of  the  Park  Range  system. 

FLEXURES. 

An  uplifting,  of  course,  always  implies  the  flexing  of  the  strata  np- 
lifted;  but  in  this  district  the  conditions  of  displacement  and  subsequent 
erosion  of  the  strata  have  been  such  as  to  make  itdesirable  to  give  separate 
namesanddescriptions  to  certain  flexures.  For  example,  the  principal  up- 
lifts that  pertain  to  the  Uinta  system,  namely,  the  mountain  portion  of  the 
great  Axial  Uplift,  including  the  two  npthrusts,  and  the  Plateau  Uplift, 
do  not,  like  some  others,  consist  of  a  nearly  uniform  convex  flexure,  but 
of  two  more  or  less  abrupt  lateral  flexures,  one  at  each  side,  with  a  com- 
paratively slight  convexity  between  them.    Other^,  and  this  applies  to 
all  others  in  this  district  except  the  eastern  extension  of  Axial  Uplift, 
which  consists  of  a  gentle,  uniform,  upward  flexure,  have  one  side  very 
much  more  abruptly  flexed  than  the  other.    This  difi^rence  is  so  great 
in  some  cases  as  to  give  almost  a  true  monoclinal  character  to  the  flexure 
of  the  whole  uplift.    In  all  cases  of  this  kind  in  this  district  the  steeper 
dip  is  on  the  southern,  southwestern,  or  western  side  of  the  nplift,  ac- 
cording to  its  position  }  or,  in  other  words,  upon  the  inner  side  of  the 
great  curve  which  those  displacements  form  as  they  reach  from  one 
mountain  system  toward  the  other.    It  is  these  steeper  flexures  to  which 
I  have  given  distinctive  names,  and  which  are  briefly  described  in  tbe 
following  paragraphs.  « 

The  Grand  Hogback  Flexure. — The  Fox  Hills  strata,  that  flank  the  west 
side  of  Elk  Mountain,  Mr.  Holmes  has  shown,  extends  northward  as  a 
continuous  hogback,  which  he  has  called  the  Grand  Hogback,  a  hundred 
miles  or  more,  it  being  the  same  one  that  crosses  White  Biver  and  sepa- 
rates Agency,  from  Powell's  park.  The  flexure  by  which  that  great  line 
of  hogbacks  has  been  produced  I  have  called  the  Grand  Hogback  Flexure. 
It  belongs,  of  course,  to  the  Park  Range  system ;  but,  after  crossing 
White  River  Valley,  which  it  does  in  an  almost  due  north  and  south  line, 
it  becomes  continuous  with  the  great  Midland  Flexure,  which  extends  in 
a  tortuous  course  through  this  district  and  blends  with  the  principal 
Uinta  displacements.  The  latter  flexure  is,  then,  as  much  an  integral 
part  of  the  Uinta  system  as  the  former  is  of  the  Park  Range  system. 
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Althoogb  the  Great  Hogback  and  Midland  flezares  are  practically  one 
tod  the  same,  their  separate  lines  of  hogbacks  approach  each  other  at 
aa  obtase  angle  abont  eight  miles  north  of  White  Biver,  at  the  east  side 
oC  Hogback  Valley.  Here  the  continaity  of  the  two  great  flexures  is 
QobrokeD,  bat  at  the  point  of  meeting  of  the  aptnrned  strata  of  the  hog- 
back Hoes  there  branches  off  the  shallow  synclinal  axis  which  sweeps 
anwDd  the  soatheastern  end  of  the  Danforth  Ilills  Uplift,  and  thence 
extends  along  its  sonthem  side. 

The  Grand  Hogback  Flexure  is  nearly  a  true  monoclinal  one.  The 
itrata  that  lie  to  the  eastward  of  it  dip  gently  to  the  westward  from 
the  foot-bills  of  the  Park  Range  to  the  flexure  proper,  where  they  have  a 
maximam  dip  of  nearly  or  quite  75  degrees,  and  then  immediately  stretch 
oat  nearly  horizontally.  The  strata  originally  involved  in  this  flexure, 
as  they  now  appear  at  the  surface,  are  those  of  the  Colorado  Group  lo 
the  Green  Group,  inclusive,  the  maximum  dip  now  appearing  in  the 
eomparatively  soft  strata  of  the  Wasatch  Group.  Subsequent  erosion 
bs  so  far  removed  iM>rtions  of  these  strata  that  only  those  of  the  Green 
filler  and  Wasatch  groups  now  occupy  the  surface  west  of  the  line  of 
oaximnm  flexure.  Those  of  the  former  group,  that  now  remain,  are 
oearfy  horizontal,  and  have  evidently  been  little  if  any  affected  by  that 
great  flexure,  although  it  is  so  near  their  present  escarpments. 

Tke  Midland  F/^opure.— This  flexure  is,  in  some  respects,  the  most  in- 
teresling  displacement  of  strata  within  the  limits  of  this  district,  espe- 
dally  as  regards  its  great  length  and  unbroken  continuity  from  one 
BooDtain  system  to  the  other.  It  is  coutinuohs  with,  and  in  fact  a  ])art 
of  the  Great  Hogback  Flexure,  which,  as  before  shown,  is  so  intimately 
coanected  with  the  Elk  Mountain  Uplift.  From  the  point  of  its  nominal 
eoDoection  with  that  flexure  in  Hogback  Valley,  Midland  Flexure  ex- 
teods  in  a  tortuous  course  through  the  whole  remaining  length  of  the  dis- 
trict to  the  flank  of  the  principal  uplift  of  the  Uinta  Kange,  with  the 
lateral  flexure  of  which  it  blends  and  becomes  continuous  far  beyond 
the  western  boundary  of  this  district.  The  course  of  Midland  Flexure 
ill  northwestward  about  twenty  miles  up  Hogback  Valley ;.  thence  due 
west  nearly  ten  miles;  thence  almost  directly  south  nearly  fifteen  miles 
to  the  southern  end  of  Piilou  Bidge,  around  which  it  bends  abruptly ; 
thence  in  a  straight  direction,  15^  north  of  west,  abont  fifty  miles.  At 
a  point  about  midway  of  the  latter  distance  it  coalesces  with  the  fiexure 
ttf  the  south  s?de  of  Midland  Uplift,  with  which  it  is  in  fact  a  part,  all 
the  way  westward  from  the  southern  end  of  Pinon  Eidge.  From  the 
flank  of  Midland  Uplift,  Midland  Flexure  is  continuous  to  and  along  the 
loath  flank  of  Section  Kidge,  where  it  blends  with  and  becomes  a  part 
nf  the  Fox  Creek  Flexure;  thence  around  the  western  end  of  Section 
Ridge,  into  the  retreating  angle  formed  by  the  dipping  synclinal  between 
Section  Bidge  and  Split  Mountain.  From  here  it  sweeps  around  the  end 
of  Split  Mountain  as  it  did  around  that  of  Section  Bidge,  and  intoa  simi- 
lar but  much  broader  retreating  angle  or  notch,  at  the  apex* of  which  is 
bland  Park;  thence  by  an  abrupt  bend  to  the  westward,  along  the 
flank  of  the  main  uplift  of  the  Uinta  Bange,  and  far  beyond  the  limits 
of  this  district.  It  is  thus  shown  that  this  remarkable  flexure*,  regard- 
ing both  the  Great  Hogback  and  Midland  fleixures  as  really  one,  can  be 
traced  continuously  from  the  west  flank  of  Elk  Mountain  Uplift  to-  the 
foath  flank  of  the  main  Uinta  Uplift,  a  distance  of  more  than  two-  hun- 
dred miles.  Throughout  the  greater  part  of  this  distance  a  large  propor- 
tion of  the  strata  that  are  involved  in  this  flexure  are  exposed  in  long 
lioes  of  hogbacks,  which  constitute  more  or  less  conspicuous  topograph- 
ical features.    The  dip  of  the  strata,  in  ail  the  long  reaches  of  this  flex^ 
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nre,  is  away  from  the  axes  of  the  two  inonntain-raDges,  respectively^ 
which  the  liexaro  connects ;  for  its  position  there  is  apon  the  distal  aid€ 
of  each  of  the  nplifts  which  it  sacoessively  flanks.  In  all  ttiese  plaoec 
the  dip  is  very  abrupt,  but  it  is  much  less  in  all  the  partiversal  sweeps 
aroaud  the  end  of  the  dipping  anticlinals  and  in  the  sag  of  the  dipping 
syudinals  than  elsewhere.  The  contiitaity  of  the  narrow  outcrop  of  the 
strata  of  the  Dakota  and  Jurassic  groups  around  the  end  of  the  monnt- 
ain  portion  of  Axial,  Plateau  and  Midland  nplifts  would,  at  first. sight, 
appear  to  indicate  a  separate  flexure  there;  but  this  apparently  contioa- 
ous  outcrop  belongs  in  fact  to  the  three  different  displacements  jast 
named,  and  portions  of  it  are  continuous  respectively  with  the  Yampa, 
Fox  Greek,  and  Midland  flexures.  The  character  of  the  latter  flexure, 
as  well  as  the  strata  involved  in  it  at  various  points,  is  shown  in  the 
sections  at  the  bottom  of  the  accompanying  geological  map. 

The  Fox  Creek  Fiemure. — From  the  point  where  this  flexure  blends 
with  Midland  Flexure  at  the  south  side  of  Section  Bidge,  it  passes  east- 
ward in  a  gently  sinuous  direction,  forming  the  dividing  displacement 
between  Midland  and  Plateau  uplifts.  Then,  sweeping  around  the  east- 
em  end  of  the  latter  uplift,  it  ends  against  the  Yampa  Flexure,  which 
in  turn  sweeps  around  the  eastern  end  of  the  terminal  mountain-niass 
of  the  Oreat  Axial  Uplift. 

Fox  Greek  Flexure  is  a  very  abrupt  one,  the  maximum  dip  being  nearly 
verticaly  and  it  embraces  a  maximum  displacement  of  about  3,000  feet. 
The  strata  involved  in  it,  which  appear  at  the  surface,  are  those  of  the 
Jura-Trias  and  Oarbonifetous.  Its  general  character  is  shown  in  the 
sections  at  the  bottom  of  the  accompanying  geological  map.  A  marked 
peculiarity  of  the  flexure  is  the  apparent  dragging  of  its  strata  against 
the  side  of  the  Plateau  Uplift,  which  has  before  been  mentioned. 

The  Yampa  Flexure. — From  its  sweep  around  the  terminal  mountain- 
mass  of  the  Axial  Uplift  this  flexure  extends  westward,  and  constitutes 
the  dividing  displacement  between  the  Plateau  and  Axial  uplifts,  its 
general  direction  is  approximately  parallel  with  that  of  the  Midland 
Flexure,  except  that  toward  its  western  end  it  bends  away  to  the  north- 
westward. It  ends  abruptly,  at  least  in  part,  against  a  great  north  and 
.«outh  fault  at  the  western  end  of  Bed  Bock  Basin,  the  western  wall  of 
^hich  fault  also  constitutes  the  end  of  the  basin. 

The  flexures  that  have  been  herein  described  are  all  nearly  true 
monoclinal  aflexures,  at  least  in  their  more  abrupt  and  characteristic 
portions.  But  Yampa  Flexure  is  different  in  this  respect,  since  it  forms 
.an  abrupt  synclinal  with  the  almost  immediate  rise  of  the  strata  which 
form  the  southern  side  of  the  great  Uinta  Uplift.  This  flexure  itself 
'has  a. nearly  true  monoclinal  character,  similar  to  that  of  the  Fox  Greek 
Flexure  at  the  other  side  of  the  Plateau  Uplift.  Contrary  to  the  general 
xule,  however,  in  the  case  of  the  secondary  uplifts.  Plateau  Uplift  has 
its  .strata  sharply  ^exed  upon  both  sides,  instead  of  one  only,  the  distal 
side.  In  ithis  respect  Plateau  Uplift  possesses  a  peculiarity  that  has  been 
shown  to  characterize  the  main  uplift  of  the  Uinta  Mountain  system  as 
well  as  some  of  its  accessory  uplifts. 

Within  the  southern  border  of  Bed  Bock  Basin,  and  some  flve  or  six 
miles  from  its  western  end^  Yampa  flexure  divides  into  two  branches, 
both  of  which  are  monoclinal,  the  northernmost  or  lower  one  having  400 
or  500  feet  greaJber  displacement  than  the  other.  The  aggregate  dis- 
placement of  strata  at  the  western  end  of  the  flexure  is  not  feur  ftom 
3,000  feet,  which  amount  gradually  lessens  to  the  eastward,  where  also 
the  synclinal  becomes  narrower  and  shallower.  Circumstances  did  not 
liermit  a  careful  examination  of  the  mountain-mass  at  the  western  end 
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4if  Bed  Bock  Basin ;  bnt  indications  were  observed  that  at  least  the 
sppcr  or  soathern  branch  of  the  flexure  just  referred  to  passes  through 
the  10888  to  the  northwestward. 

Tkt  RaMn  Ridge  Flexure. — This  flexure  forms  the  southern  and  steeper 
mle  d  Baven  Park  (Jplift.  It  has  already  been  mentioned  as  having  a 
dip  4)f  about  60o  opposite  the  middle  of  Baven  Park,  which  dip  rapidly 
dimlDislies  as  the  Uplift  fades  out  l)oth  eastward  and  westward.  Oppo- 
site Eaven  Park  the  strata  of  the  Fox  Hills,  Laramie  and  Wasatch 
ptMips  are  involved,  the  former  constituting  that  part  of  Raven  Eidge 
«Bd  the  latter  passing  under  the  nearly  horizontal  strata  of  the  Green 
River  Group,  by  a  monoclinal  flexure.  Although  the  flexure  itself  dimin- 
idies  very  rapidly  to  the  northwestward,  Eaven  Bidgeatself  is  con- 
tiaiied  much  forther  in  that  direction,  where  it  is  successively  made  up 
of  the  strata  of  the  Fox  Hills,  Laramie,  Wasatch,  and  Oreeu  Biver 
jETOops;  those  of  the  first  two  groups  leaving  the  ridge  successivdy  B9 
tkey  spiead  out  to  the  northeastward  of  the  ridge. 

OONGLUDINO  BEMABKS. 

The  facts  observed  in,  and  in  the  neijghborhood  o^  this  district  show 
coBclasively  that,  although  the  Uinta  and  Park  ranges  of  mountains 
l»?o  their  axes  at  right  angles,  and  are  also  separated  by  a  consider- 
tUe  space  of  country,  the  two  mountain  systems  are  intimately  con- 
neeted  by  continuous  and  interplicated  displacements.  Theae  facts,  to- 
gether with  the  further  one  tliat  there  are  no  displacements  between  the 
tvo  systems  that  can  in  any  way  be  regarded  as  breaking  their  connec- 
lioD,  seem  to  Suggest  the  approximately  simultaneous  elevation  of  both 
^Btems.  This  idea  is  further  strengthened  by  the  fact  that  a  mountain 
sxis  may  be  traced,  at  least  indistinctly,  from  the  main  range  of  the 
fioeky  Mountains,  northwestwardly  through  the  Park  Eange,  describing 
a  curve,  which,  if  produced,  would  point  in  the  direction  of  the  axis  of 
Ike  Qinta  Bange* 

It  has  already  been  ftuggested  that  the  various  movements  of  dis- 
pheeaent  in  the  Uinta  system  were  not  uniform  in  their  rate  of  prog- 
ress, and  only  in  part  simultaneous.  It  should,  therefore,  not  be  ex- 
pected that  thedetails  of  elevation  of  the  two  systems  were  all  simultane- 
ous with  each  other.  It  is  nevertheless  probable  that  the  whole  Bocky 
Hoantain  system,  including  the  Park  Eange,  as  we  find  it  developed  in 
(Morado,  and  the  Uinta  system,  have  had  essentially  a  common  phys- 
ieal  history ;  although  each  system  presents  some  chaTOcteristies  pecu- 
liarly its  own^  or  at  least  different  from  the  other. 
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SELATION  OF  THE  VALLEYS  TO  OBOLOOIOAL  8TRU0ITTBB  Am>  DIB- 

PLACBMENTS  OF  STBATA. 

Except  in  snch  rare  instances  as  that  of  astream  having  its  coarse  apoi 
or  near  a  synclinal  axis,  nothing  is  more  evident  than  that,  as  a  rale,  ah 
streams  have  been  the  instrameut  by  which  their  own  valleys  were  excar 
vated ;  and,  even  in  the  doubtful  cases  referred  to,  it  is  probable  that  ao 
examination  of  other  portions  of  the  same  vaHey  would  show  a  confirm* 
ation  of,  rather  than  an  exception  to,  the  general  rule.  This  proposition 
accepted,  leaves  other  questions  of  a  remarkable  character,  which  are 
Quexplainablo  upon  any  except  geological  grounds.  For  example,  in  the 
Bocky  Mountain  region  we  not  only  often  see  a  river  traversing  an  ele- 
vated district,  cutting  its  course  by  a  deep  cafion  in  the  underlying  rock, 
while  the  land-surface  is  much  lower  not  many  miles  distant  than  that 
which  the  canon  traverses,  but  we  have  examples  of  rivers  cuttini; 
directly  through  a  mountain  uplift,  and  at  right  angles  with  its  axis. 
Furthermore,  cases  of  this  kind  occur  in  which  the  mountain  uplift  is  not 
only  a  high  one,  composed  of  much  harder  rock  than  that  of  any  of  the 
surrounding  strata,  but  the  softness  of  the  latter  and  the  slight  elevatioa 
of  the  surface  they  occupy  seem  to  offer  an  especially  favorable  opportu- 
nity for  the  river  to  pursue  its  course  around,  rather  than  through,  the 
mountain  uplift  In  fact,  nothing  is  more  apparent  in  the  Bocky  Moaut- 
ain  region  than  that  the  courses  of  the  rivers  are  independent  of  the  flex- 
ures which  the  strata  have  suflPered  over  which  they  flow,  and  that  their 
courses  are  also  independent  of  the  present  character  of  the  surface. 

The  only  explanation  I  am  able  to  give  for  this  condition  of  things, 
or  the  one  presenting  the  fewest  objections,  is,  that  the  streams  were 
established  where  the  conditions  of  the  surface  then  favored  the  coarse 
which  they  pursued,  and  before  the  strata  were  flexed  to  any  considera- 
ble extent }  that  all  the  important  displacements  of  strata,  including' 
the  mountain  uplifts,  have  taken  place  since  the  streams  began  to 
excavate  their  valleys.  Therefore  the  movements  of  these  displace* 
ments  must  necessarily  have  been  exceedingly  slow ;  never  more  rapid 
than  was  the  deepening  of  the  channels  of  the  rivers  by  the  ordinary 
erosive  action  of  their  flowing  waters,  or,  if  so,  the  elevation  was  not 
enough  to  produce  a  i)ermanent  damming  of  their  waters,  or  a  material 
deflection  of  the  course  of  the  stream.  When  the  streams  were  first 
established,  they  must,  of  course,  have  found  their  way  to  the  sea  over 
the  then  less  elevated  portions  of  the  surface ;  but  during  the  ages  that 
have  since  passed,  the  continent  has  continued  its  elevation ;  the  strata 
have  been  variously  displaced,  in  some  cases  producing  great  mouutaiii 
flexures.  Added  to  all  this,  the  subaerial  denudation  has  been  so  great 
that  doubtless  no  trace  of  the  surface  upon  which  the  rivers  were  orig- 
inally formed  now  remains.  Indeed,  it  is  known  that,  although  the 
channels  of  at  least  some  of  the  rivers  of  the  Rocky  Mountain  region 
occupy  a  somewhat  greater  actual  height  above  the  level  of  the  sea 
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t^D  tliey  did  when  they  were  first  establisbed,  they  have  cnt  their  way 
tfaroQgh  many  thoasaiid  feet  in  thick nesB  of  strata  which  were  origiDally 
beneath  their  beds,  and  which  have  been  brought  up  from  below  against 
the  wearing  action  of  the  constantly -flowing  stream. 

Not  only  have  the  valleys  been  thus  carved  out  by  the  flow  of  the 
perennial  streams,  but  their  minor  or  tributary  drainage-channels; 
Mostly  those  having  only  a  periodical  flow  of  water,  have  carried  away 
Itom  the  surface  such  an  immense  bulk  of  material,  that  great  mouu- 
tiin  masses  now  remain  in  many  places  that  are  only  shreds  of  the  for- 
BstioDB  that  were  once  spread  continuously  over  the  region.  This 
tributary  drainage  has  produced  what  are  now  tho  most  conspicuous 
topographical  features  of  the  great  Eocky  Mountain  region,  in  the 
Qoiirse  of  which  the  channels  have  been  much  influenced  in  their  direc- 
tion and  iK>sition  by  the  varying  conditions  of  the  strata  with  which 
they  have  been  brought  in  contact.  Therefore  the  drainage  of  this 
ktter  kind  has  been  called  consequent  drainage,  while  that  of  tho  per- 
aaoent  streams  has  been  designated  as  antecedent  drainage.  The 
larger  streams  have  of.  course  had  their  tributaries  from  the  beginning, 
hut  it  is  hardly  likely  that  tho  identity  of  any,  except  those  which  con- 
tain perennial  water,  have  been  fully  preserved ;  while  not  only  the 
identity,  but  the  exact  position  of  nearly  or  quite  all  the  streams  that 
eoDtaiu  x)erennial  water  have  remained  unchanged  from  the  beginning. 
This  district,  together  with  that  which  adjoins  it  on  the  north,  affords 
BDffle  remarkable  examples  of  antecedent  drainage  in  connection  with 
great  and  abrupt  displacements  of  the  strata  that  are  crossed  by  the 
drainage-channels. 

Green  River. — ^The  cutting  of  Green  River  through  the  Uinta  Mount- 
m  chain  is  probably  one  of  the  most  extraordinary  examples  of  this 
kiod  to  be  found  qn  the  continent,  but  as  this  ha«  been  fully  described 
l^'  Professor  Powell  in  his  report  on  the  geology  of  the  Uinta  Mount- 
aiD8,and  as  only  a  small  proportion  of  the  wonderful  canons  of  that  river 
exist  within  the  limits  of  this  district,  a  full  description  of  even  those  of 
the  Uinta  Mountains  will  be  omitted  in  this  report.  The  portion  which 
I^  wiibin  the  limits  of  this  district  is  most  impressive  and  remarkable, 
eottiog,  as  it  does,  through  Split  Mountain  from  its  base  to  its  summit. 
This  mountain  is  a  sharply-folded  spur,  which  projects  westward  from 
tbe  body  of  Yampa  Plateau,  the  summit  of  which  is  3,000  feet  above 
the  liver;  and  is  composed,  like  the  principal  part  of  the  plateau,  of 
hard  limestones  and  sandstones  of  Carboniferous  age.  The  strata  sur- 
RHiDding  Bplit  Mountain  to  the. westward  are  comparatively  soft,  and 
tbe  sur&ce  there  has  comparatively  slight  elevation.  Viewing  the  re- 
gion topographically,  the  most  natural  course  for  the  river  to  have  pur- 
eed from  and  below  Island  Park  would  seem  to  be  by  way  of  a  tribu- 
tary drainage,  and  the  main  channel  of  Brush  Creek,  around  the  western 
Old  of  the  mountain,  instead  of  cutting  entirely  through  it,  as  it  does, 
s|>lltting  it  through  its  highest  portion.  Below  Split  Mountain  the 
lelatiou  of  the  river  to  the  underlying  strata  is  not  especially  re- 
markable. 

Yampa  River. — Although  the  canons  of  the  Yampa  are  not  so  deep 
18  many  of  those  of  the  Oreen  and  Colorado  Rivers  are,  its  valley  is 
nemarkable  for  the  extraordinary  displacements  of  strata  through  which 
Aey  have  been  excavated.  From  the  eastern  boundary  of  the  district, 
nearly  to  Yampa  Mountain,  the  river  runs  in  a  monoclinal  valley ;  that 
iS)  the  general  course  of  the  river  is  to  the  westward,  and  the  general 
(Bp  of  the  strata  out  of  which  the  valley  has  been  excavated  is  to  the 
northward.    Moreover,  the  bondings  of  the  river  coincide  in  some  degree 
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with  the  flexed  borders  of  the  outcrop  of  the  different  groops  of  ste 
in  the  neighborhood  of  the  river.  Concerninp^  this  portion  of  the  vail 
opward  of  forty  miles  in  length,  there  is  nothing  specially  remarlc^i 
in  the  relation  of  the  river  to  the  displacements  of  the  strata  over  vrli 
it  flows;  bat  in  the  lower  portion  of  its  valley  the  case  is  very  difEar^ 

The  isolated  position  of  Yampa  Mountain  in  the  comparatively^  I 
land  of  Axial  Basin,  and  its  character  as  a  sharply-defined  npthmsl 
Palffiozic  rocks  through  those  of  Mesozoio  age,  has  been  already  explai  o 
Yampa  River,  after  entering  Axial  Basin,  which  it  does  four  or  five  toi 
eastward  from  Yampa  Mountain,  instead  of  bending  arouDd  the  moii 
ain  in  the  lower  ground  at  its  base,  cuts,  by  a  narrow  cation,  throa 
the  northern  portion  of  the  mountain.  The  walls  of  this  caHon  are  i 
only  several  hundred  feet  higher  than  the  low  ground  at  the  base  of  i 
mountain,  but  the  strata  through  which  it  has  been  cut  are  composecl 
hard  limestone,  while  those  underlying  the  low  ground  are  of  soft  sai 
stones  and  clayey  shales. 

Below  Yampa  Mountain,  the  river  runs  for  a  distance  of  fifteen  or  ei 
teen  miles,  to  Juuction  Mountain,  along  the  low  grounds  of  the  weste 
portion  of  Axial  Basin,  and  approximately  upon  the  main  axis  of  t\ 
Uinta  Mountain  Uplift.  Beaching  Junction  Mountain,  which  is  anoth 
isolated  mountain  upthrust  almost  identical  in  character  and  surroan 
ings  with  Yampa  Mountain,  the  river  cuts  through  it  in  the  same  maoii 
as  through  the  latter  mountain,  but  by  a  deei)er  and  longer  canon.  Tl 
length  of  this  caiion  through  Junction  Mountain  is  about  three-quarte 
of  a  mile  in  a  straight  line,  firom  which  its  course  varies  a  little,  and  i 
greatest  depth  is  about  1,200  feet,  the  walls  being  almost  perpeudiculs 
As  in  the  case  of  Yampa  Mountain,  the  strata  of  the  low  grounds  that  an 
round  Juuction  Mountain  are  soft  and  easily  eroded ;  while  the  cane 
is  cut  through  not  only  the  hard  limestone  and  other  strata  of  Ca 
boniferous  age,  but  also  through  several  hundred  feet  in  thickness  i 
the  still  harder  Weber  quartzite  beneath  them. 

After  leaving  Junction  Mountain,  Yampa  Elver  flows  across  Lily 
Park  directly  to  the  eastern  end  of  the  high  range  of  paleozoic  rock 
that  have  been  brought  up  by  the  Uinta  Mountain  Uplift.  It  the 
flows^more  than  30  miles  through  a  tortuous  and  continuous  canoi 
which  it  has  cut  in  the  carboniferous  strata  which  form  that  portion  c 
the  southern  side  of  the  main  fold  of  the  great  Uinta  Uplift,  and  emptie 
into  Green  River  where  itself  is  passing  through  a  deep  caiion  in  tb< 
Uinta  Mountains.  The  walls  of  the  Yampa  Oafion  are  almost  every  when 
nearly  perpendicular,  varying  in  height  above  the  stream  from  1,000  U 
l,500'feet.  Along  a  great  part  of  its  course  Yampa  Gafion  lies  approxi 
mately  parallel  with  a  valley  that  lies  in  the  synclinal  flexure  between 
the  main  fold  of  the  Uinta  Uplift  and  the  accessory  one  of  the  Yampa  pla- 
teau. Bed  Rock  Basin  constitutes  the  western  end  of  this  syacliDal 
valley,  the  bottom  of  which  is  1,600  or  1,800  feet  lower  than  the  brink  oi 
that  portion  of  the  canon  which  lies  opposite  to  it. 

Viewing  this  region,  according  to  its  present  topography  and  the  sas- 
oeptibility  to  erosion  of  the  rocks  that  occupy  the  surface,  the  most 
natural  course  for  Yampa  River  to  have  pursued  to  form  a  junctioa  with 
the  Green  would  seem  to  be  around  the  north  side  of  Yampa  Moontaio, 
thence  past  the  southern  end  of  Junction  Mountain  through  Midland 
Kasin,  and  thence  down  the  dry  valley  that  lies,  along  the  southern  side 
of  Midland  and  Section  Ridges  to  the  valley  of  Green  River.  On  the 
contrary  Yampa  River  traverses  the  most  mountainous  and  di£BcaIt  por- 
tion of  the  district  after  having  cut  through,  instead  of  arouDd,  two 
isolated  mountains  composed  of  hard  and  compact  strata. 
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White  River. — ^In  no  part  of  that  portion  of  its  coarse  which  liee  ad- 
it to  thia  district,  does  White  Biver  Valley  afford  so  striking  an 
iple  of  antecedent  drainage  as  the  valley  of  the  Yampa  does. 
prtbeless,  the  coarse  of  White  Biver  is  sufficiently  independent  of 
idisplacements  of  the  strata  over  which  it  flows  to  show  that  it  should 
I  properly  placed  in  the  same  category  in  this  respect,  with  the  Tampa 
Greeo  Bivers. 

Cpon  leaving  Agency  Park,  White  Biver  cots  through  Grand  Hog- 

\  which  crosses  the  valley  at  right  angles;  and  from  there  west- 

'  to  the  southern  end  of  Pinon  Bidge,  a  distance  of  between  25  and 

I  Biles,  it  runs  in  large  part  upon  the  yielding  strata  of  the  Wasatch 

ip,and  in  part  apon  the  lower  strata  of  the  Oreen  Biver  Oronp.    Ic 

FDDs  for  a  few  miles  among  the  strata  of  the  Fox  Hills  and  Lam- 

gttraps,  where  they  are  upturned  by  the  Midland  Flexure.    It  then 

to  the  Wasatch  Oronp  again,  npon  which  it  runs  nearly  to  Baven 

ij  where  it  crosses  in  both  the  descending  and  ascending  order,  the 

lie,  Fox  Hills,  and  Colorado  groups.    After  passing  the  Baven 

Ige  Flexure  at  the  western  side  of  Baven  Park,  the  river  again  flows 

or  six  miles  npon  the  strata  of  the  Wasatch  Group,  and  then  enters 

Ion  which  it  has  carved  out  of  the  strata  of  the  Green  Biver  Gronp, 

rly  all  the  way  to  its  confluence  with  Green  Biver.    This  cailou 

[from  600  to  1,000  feet  deep,  from  the  adjacent  upland  surface;  and 

'lOQgh  it  is  narrow,  its  sides  are  not  usually  so  precipitous  as  those 

Tampa  Gaiion  are. 

[Throoghout  a  large  part  of  the  course  of  White  Biver,  there  is  appar* 
)y  DO  special  condition  of  the  underlying  strata  that  might  be  sup- 
to  have  governed  its  direction  so  far  as  lateral  deflection  is  con- 
~ ;  but  its  direction  seems  to  have  been  just  as  little  influenced 
f  the  abrupt  flexures  the  strata  have  suffered  over  which  it  flows  near 
taoD  Ridge  and  at  Baven  Park. 

Milk  Greek. — ^The  upper  branches  of  Milk  Greek  flow  in  such  a  man- 
i^r  and  have  snch  relations  to  the  underlyinii^  strata  as  any  kind  of 
<^ioage,  either  antecedent  or  consequent,  might  have.  But  from  the 
point  at  the  north  side  of  Axial  Basin,  where  these  branches  coalesce, 
the  creek,  instead  of  continuing  down  the  low  land  of  the  open  basin, 
*soDe  might  expect  it  to  have  done,  turns  abruptly  northward  through 
tcaiioD,  or  very  narrow  valley,  three  miles  long  and  800  feet  maximum 
.^th,  which  it  has  carved  out  of  the  strata  of  the  Fox  Hills  Group,  and 
joio8  the  Yampa  which  there  runs  in  a  similar  canon. 

^0  other  theory  than  that  of  antecedent  drainage  seems  at  all  ade- 
<)Qate  to  explain  the  extraordinary  course  of  such  a  creek.  It  is,  how- 
<^yer,  most  remarkable  that  a  creek  so  small  as  this  could  have  such  a 
history — a  history  that  dates  back  to  a  time  before  the  great  mountains 
near  by  were  made,  and  before  the  grand  lineaments  which  the  conti- 
^^nt  now  bears  were  carved. 

SCATTERED  DRIFT. 

^0  considerable  portion  of  the  surface  of  the  region  adjoining  the 
^^y  and  Uinta  Mountains  is  free  from  well-worn  scattered  drift- 
jiebbles.  These  pebbles,  are  composed  of  various  kinds  of  rock,  but 
^cy  are  largely  quartzites  of  various  colors,  and  are  usually  as  smoothly 
'bonded  as  any  that  are  now  washed  upon  a  storm-beaten  sea-shore. 

To  one  who  is  familiar  with  the  great  northern  glacial  drift,  these 
pebbles  suggest  the  same  or  a  similar  history  ^  and  when  we  attempt  to 
^ee  their  origin  by  comparing  their  lithological  composition  with  that 


56  REPORT  UNITED   STATES  GEOLOGICAL  SURVEY. 

of  the  rocks  in  situ  in  that  region,  it  is  evident  that  the  original  ]ed«7' 
from  which  the^^  have  been  separated  are  those  of  the  axes  of  t.1 
neighboring  monntains.  Therefore  it  is  equally  evident  that  they  l^s^y 
l»een  distributed  in  radiating  lines  from  those  axes;  especially  so  8iii4 
in  every  case  yet  observed,  thedifierences  in  the  lithological  composiric 
of  the  drift-pebbles  at  difiTerent  localities  adjacent  to  the  mountain  ran^ 
exactly  correspond  to  the  changes  of  lithological  characters  of  the  rocfc 
comprising  different  portions  of  the  mountain  axis.  That  these  drif 
l>ebb]es  were  distributed  by  glacial  action  seems,  in  view  of  the  accepte 
theories  in  relation  to  the  great  northern  driit,  to  be  a  natural  infereae 
upon  casual  examination ;  especially  as  this  mountain  drift  is  distri  ba'tei 
upon  the  surfaces  of  the  higher  foot-hills  of  the  mountain  ranges,  as  vrel 
as  in  the  valleys  between  them,  and  upon  the  lower  lands  at  a  grea^te 
distance.  The  true  origin  and  distribution  of  this  drift,  howevei: 
involves  the  consideration  of  several  questions,  for  the  discussion  o 
whicb  the  phenomena  observable  within  the  limits  of  this  district  do  iioi 
furnish  sufficient  material.  Therefore  the  consideration  of  the  subjeei 
in  this  report  will  be  mainly  confined  to  the  description,  and  an  accoual 
of  the  distribution  of  the  drift  within  this  district.  Before  doing  this^ 
however,  it  is  proper  to  refer  briefly  to  some  correlated  phenomena. 
The  drift-pebbles,  as  before  mentioned,  are  as  smoothly  rounded  as  any 
that  are  now  washed  upon  the  searcoast;  and  it  seems  difficult  to 
understand  how  this  could  have  been  done  under  any  condition  of  trans- 
portation alone.  Indeed,  it  seems  impossible  that  these  pebbles  coald 
have  been  so  completely  rounded  in  any  manner  except  by  attrition  in  a 
large  body  of  water  where  the  waves  could  have  great  power ;  and  this 
view  is  strengthened  by  the  fact  that  the  pebbles  are  distributed  oyer  so 
broad  an  area.  Whatever  their  origin  as  such  may  have  been,  it  is  cer« 
tain  that  the  pebbles  have  been  radiately  dispersed  from  the  mouutaio 
axes. 

Tbe  character  of  the  rocks  composing  the  axial  portions  of  the  Uinta 
and  Park  Range  uplifts  respectively,  is  so  different  that  it  is  quite  easy 
to  refer  any  collection  of  pebbles  that  may  be  found  in  the  vicinity  of 
both  ranges  to  the  one  from  which  they  were  really  derived,  and  also  to 
recognize  any  mixture  of  pebbles  as  such  that  have  been  derived  from 
both  ranges;  For  example,  it  is  easy  to  recognize  the  drift-pebbles  of 
the  eastern  portion  of  this  district  as  having  l^en  derived  fron^  rocks  of 
those  mountains  of  the  Park  Range  which  lie  to  the  eastward ;  and  just 
as  easy  to  recognize  those  that  are  found  in  the  western  part  of  the  dis- 
trict as  having  been  derived  i'rom  the  strata  of  Uinta  Mountain  uplifts. 

Upon  the  middle  portion  of  the  district,  however,  the  drift  of  both 
eastern  and  western  origin  ;  or,  in  other  words,  that  of  the  Park  Range, 
and  of  the  eastern  end  of  the  Uinta.  Mountains,  is  found  to  be  mixed. 
The  former  is  mostly  quartzites,  with  admixtures  of  basalt  and  granite, 
whi!e  the  latter  are  mostly  made  up  of  fragments  of  carboniferous  lime- 
stone and  Weber  quartzite,  which  latter  rock  is  often,  but  not  always, 
quartzitic  This  Uinta  drift  contains  no  trap  and  no  granite,  for  none 
of  those  rocks  occur  in  the  eastern  portion  of  the  Unita  Moautaius. 

•Granite,  however,  is  abundant  in  the  Park  Rapge,  and  very  extensive 
masses  of  the  basalt  exist  just  beyond  the  eastern  borders  of  the  dis- 
jtrict.  The  pebbles  of  eastern  drift  which  have  found  their  way  in 
abundance  into  the  beds  of  the  White  and  Yampa  rivers,  have  been 
carried  down  by  the  current  to  points  further  westward  in  the  valleys 
than  any  they  have  reached  upon  the  nplands,  and  further  than  nuy 
points  to  which  drift  from  the  Uinta  Mountaiuo  has  been  transported 
eastward. 
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.Ris  apon  the  if)>1ancl 'borders  of  Axial  Basin,  between  Tampa  and 
Inetion  Moautains,  from  400  to  800  feet  above  the  level  of  Yampa 
IBfcf,  and  so  high  that  it  could  never  have  been  reached  by  its  waters, 
iat  we  find  the  mixture  of  eastern  and  western  drift-pebbles.  So  west- 
.ea  drift- pebbles  have  been  found  east  of  Yampa  Mountain,  and  no  peb- 
Ihiof  eastern  origin  have  been  found  west  of  Junction  Mountain,  ex- 
ffplthat  which  the  currents  of  the  rivers  have  transported  as  before 
jaatioQed. 

Jimetion  and  Yampa  Mountains  seem  to  have  stood  respectively  (fs 
jkniers,  or,  at  least,  as  obstacles  in  the  way  of  the  transpoitation  of  the 
'Ml-pebbles  in  the  direction  of  radiating  lines  from  the  two  mount- 
A  ranges.  For  example,  in  that  portion  of  the  valley  of  the  Yamp.i 
vttdi  liee  north  of  an  east  and  west  line  through  the  north  base  of 
Tampa  Mountain,  I  found  eastern  drift-pebbles  plentiful,  with  only  a 
Iffy  slight  admixture  of  those  of  western  origin,  and  even  this  sm<all 
poportion  is  not  certainly  known  to  be  of  more  western  origin  than 
linpa  Mountain,  because  it  may  have  been  derived  from  that  mountain 
itod^  which  has  the  same  lithological  composition  that  the  eastern  por- 
te  of  the  ITinta  Range  has. 

Furthermore,  I  found  very  few  eastern  drift-pebbles  upon  the  surface 
Mediately  west  of  Yampa  Mountain,  and  also  very  little  western  drift 
Vm  the  surface  immediately  east  of  Junction  Mountain.  Western  drift- 
pebbles,  however,  exist  in  great  abundance  upon  all  the  surface  east  of 
tbfe  Uinta  Uplift  and  south  of  an  east  and  west  line  through  the  south 
Im  of  Junction  Mountain,  and  also  extending  nearly  as  far  eastward 
tt  Yampa  Mountain. 
All  these  facts  are  at  least  suggestive  of  the  glacial  distribution  of 
tkis  drift  fronk  both  mountain-ranges,  but  it  is  proper  to  say  that  no 
^>>cial  strisD,  either  upon  the  pebbles  or  upon  the  rocks  in  situ^  were 
Ghserved  in  this  district,  although  it  is  not  certain  that  they  do  not 
ciist  there.  Also,  that  the  character  of  the  underlying  rocks  of  all  that 
icgioD  is  seldom  such  as  to  have  preserved  the  strisa  if  they  had  ever 
Imhq  made  ui)on  them.  As  to  the  origin  of  the  pebbles,  as  such,  of 
vbich  the  drift  is  so  largely  composed,  the  phenomena  observable  in 
^is  district  afford  no  satisfact^ory  information ;  but  their  origin  as 
Tibbies  was  probably  anterior  to,  anfl  the  result  of,  other  causes  than 
tbat  which  produced  their  distribution. 

As  to  the  time  when  this  distribution  took  place,  some  important 
^ta  were  obtained.  The  unconformity  of  the  Uinta  group  upon  all 
Ike  other  Tertiary  groups,  as  well  as  upon  those  of  older  date,  has  been 
i^entioDed,  which  shows  that  group  to  be  of  much  later  Tertiary  age 
^  the  Bridger  Oroup.  The  great  outflow  of  basaltic  trap  that  has 
^  before  mentioned,  is  known  to  have  taken  place  long  after  the 
^qH)8ition  of  the  Uinta  Oroup,  because  the  trap  is  found  resting  upon 
*  eoDsiderably  eroded  surface  of  that  group  at  Fortification  Butte,  five 
<^nx  miles  north  of  the  northeast  corniBr  of  this  district. 

A  large  percentage  of  the  pebbles  of  the  eastern  drift  of  this  district 
^^yosists  of  fragments  of  this  trap,  which  fact  proves  both  the  origin  of 
^e  pebbles  and  the  distribution  of  the  drift  to  have  been  subsequent  to 
Je  trap  outflow.  Nevertheless,  this  drift  is  known  to  be  of  great  age, 
^Qse  there  is  much  evidence  that  extensive  erosion  has  taken  place 
^oe  its  distribution ;  but  still  there  is  evidence  that  the  great  general 
^ws  of  the  region  as  they  now  exist  were  produced  by  erosion 
"^ore  the  distribution  of  the  drift.  So  far  as  my  observation  has 
^xteaded,  there  appears  to  be  no  reason  why  we  may  not  regard  the 
^stribation  of  this  drift  of  the  Park  range  and  Uinta  Mountains  as 
^temporaneous  with  that  of  the  great  northern  glacial  drift. 


CHAPTER  VI. 


MATERIAL  JKESOUBGES. 

With  the  exception  of  coal,  do  mineral  sabstances  of  practical  valoe 
were  discovered  in  this  district,  and  it  is  not  thoa{(ht  probable  that  any 
others  of  importance  exist  within  its  limits.*  The  material  resoorcM 
of  the  district,  therefore,  both  present  and  prospective,  are  confined  to 
vegetable  prodnctions  alone,  if  we  except  coal,  stone,  and  clays.  On^ 
of  the  series  of  maps  composing  the  atlas  of  Colorado  that  has  been 
prepared  by  the  (Jnited  States  Geological  Survey  is  colored  in  sach  a 
manner  as  to  show  by  area  the  natnral  productions  and  capabilities  oi 
the  State.  By  this  map  it  will  be  seen  that  a  very  large  imrt  of  the  sor- 
face  is  classed  as  grass-lands,  and  that  only  a  small  fraction  of  the  whole 
surface  is  designated  as  tillable.  Bearing  in  mind  also  that  a  large  part 
of  the  surface  which  is  there  classed  as  aspen-hinds,  as  well  as  some 
portions  of  the  cedar  and  pifion  lands,  also  affords  good  grazing,  it  will 
appear  that  pastoral  interests  are  destined  to  exceed  all  others  in  the 
region  of  which  this  district  forms  a  part,  while  in  other  districts 
mining  interests  will  donbtless  overshadow  all  others. 

TilUihle  Lands. — As  this  district  is  far  within  the  limits  of  that  portion 
of  the  national  domain  upon  which  the  annual  rain-fall  is  insufficient 
for  the  purposes  of  agriculture,  the  only  tillable  land  within  the  district 
is  that  which  it  is  practicable  to  irrigate.  Such  lands  are  of  coarse 
found  only  along  the  valleys  the  streams  of  which  produce  a  considerable 
flow  of  perennial  water.  Ko  attempt  was  made  to  ascertain  the  precise 
area  of  irrigable  lands  in  this  district,  but  the  map  before  referred  to 
will  show  it  to  be  comparatively  small.  Small  as  it  is,  it  is  quite  suffi- 
cient for  the  needs  of  a  considerable  pastoral  xK)pulation  along  the  val- 
leys of  White  and  Tampa  Biversi^  and  the  grasslands  of  this  district 
are  not  too  distant  from  the  irrigable  lands  to  be  available  for  pastoral 
purposes  from  the  homes  that  may  be  located  in  the  valleys.  The  parks 
that  have  been  described  in  Chapter  II  contain  the  largest  bodies  of 
irrigable  land  within  the  district,  but  at  many  other  points  along  the 
valleys  of  all  the  perennial  streams  farms  of  more  or  less  importance 
may  be  made. 

The  amount  of  irrigable  land  in  any  valley  of  conrse  depends  not 
only  upon  its  being  within  reach  of  water  from  the  adjacent  stream  by 
its  fall,  but  it  also  depends  upon  the  amount  of  water  the  stream  carries 
during  the  part  of  the  year  that  the  crops  need  imgating.  The  valley 
of  a  stream  may  thereiore  contain  more  tillable  land  within  reach  of  its 
waters  than  those  waters  are  sufficient  to  irrigate  properly,  but  this  is 
seldom  the  case  with  the  larger  streams.  There  is  probably  no  portion 
of  either  White  or  Yampa  Biver  valleys  within  the  limits  of  this  district 
that  is  accessible  to  the  river  water  which  it  is  in  any  case  insufficient  to 
irrigate  if  judiciously  applied.  Under  the  head  of  "Water,''  in  a  follow- 
ing paragraph,  the  gauging  of  those  two  streams  may  be  found. 

The  elevation  of  this  district  above  the  level  of  the  sea  limits  the  va- 

*  This  Btatoment  mav  be  regarded  as  a  reply  to  the  oft*repeated  qaestion,  *'  Is  gold 
or  other  precious  metals  likely  to  be  disooyered  in  Ihat  region  t'' 
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lietj  of  ftrin-prodaets  that  may  be  gfrown  there  saccessfally,  bat  trials 
almdy  made  there  show  that  wbeat|  barley,  oats,  rye,  pease^  beans,  po- 
titoes,  aatl  many  of  the  common  garden  vegetables  may  be  cultivated 
aeeesBfally.  The  tillable  lands  along  the  valley  of  Green  River  have 
kn  elevation  above  the  level  of  th«  sea  than  those  of  any  other  portion 
tf  the  district,  and  it  is  probable  that  maize,  as  well  as  some  kinds  of 
M  trees,  might  be  grown  there  with  success.  The  soil  of  the  irrigable 
lands  is  almost  without  exception  very  fertile,  and  needs  only  proper 
inijliation  and  cultivation  to  make  them  very  productive. 

Voter. — ^A  dweller  in  a  well-wateied  country  is  hardly  able  to  realize 
&6  paramount  value  of  the  water  that  falls  upon  the  land  in  copious 
lad  timely  showers,  and  that  tmvemes  every  valley  in  the  form  of  rivu- 
ku  and  streams.  It  is  the  want  of  the  eopious  suppliea  of  water  that  bless 
&6  eastern  part  of  the  national  domain  that  renders  so  large  a  propor- 
tioD  of  the  western  part  either  a  desert  waste  or  nntillable  land.  For 
tkis  reason  water  is  classed  among  the  material  resources  of  the  dis- 
toel,  and  all  its  permanent  streams  and  rivulets  are  especially  noticed 
iithia  report,  although  some  of  them  are  so  small  that  they  would  be 
deemed  unworthy  of  notice  in  more  favored  regions. 

Except  among  the  Danforth  Hills  and  other  hills  in  the  eastern  part  of 
tbe  district,  and  also  at  the  bases  of  Plateau  and  Midland  Uplifts  in  the 
vestern  part,  no  springs  are  found,  and  t^ey  are  not  numerous  in  the 
futa  designated.  Therefore  supplies  of  water  must  be  obtained  prin- 
opiUy  from  the  Oreen,  Yampa,  and  White  Rivers,  and  their  very  few 
tnbataries  that  contain  perennial,  water,  and  which  have  already  been 
teribed  in  Chapter  IL  The  water  of  these  streams  is  sufficiently 
FUBftnd  good,  and  the  f^U  is  almost  everywhere  so  great  in  the  Yampa 
>nd  White  Bivers  that  abundant  water>power  may  he  obtained,  as  well 
18  an  abundance  of  water  for  irrigating  purposes. 

Aa  a  general  indication  of  the  amount  of  water  carried  by  White  and 
Ituapa  Stivers,  I  here  insert  a  record  of  the  ganging  of  each.  Yampa 
ffirer  was  gauged  at  a  point  four  miles  east  of  Yampa  Mountain,  and 
White  Biver  six  miles  below  White  Biver  Indian  Agency.  The  method 
^pted  was  to  measure  a  line  of  200  feet  along  the  bank  of  the  river, 
^  Qote  the  time  taken  by  a  float  to  run  from  the  upper  to  the  lower 
^d  of  tl|e  line ;  then  to  measure  the  depth  at  certain  points  opposite, 
together  with  the  width  of  the  stream. 

Oavging  of  Yampa  Rivefj  August  5,^  1877. 

JWtti  from  brink  to  brink 175  feet. 

^in  gtime  of  float 1  minute  57  secoDdn. 

^^  u  north,  qnarter  of  the  distance  across 2  feet. 

^hatoenter 2  feet  5  inches. 

'^^  St  aontb,  qaarter  of  the  distance  across 2  feet  9  inches. 

Tbe  bottom  has,  at  the  place  of  measurement,  quite  a  uniform  curve 
^m  brink  to  brink,  so  that  a  greater  number  of  measurements  of  depth 
^tte  deemed  unnecessary. 

Gauging  of  White  JBtrer,  August  11,  1877. 

Jidib  from  brink  to  brink -         120  feet. 

S^Btting  time  of  float 31  seconds. 


n.- St  soath,  one-eightb  distance  across 1  foot  9  inches. 

IfPtb  at  south,  one-quarter  distance  across 1  foot* 

Whatoenter 1  foot  9  inches. 

^^  at  north,  one-qoarter  distance  across. .\ • 1  foot  10  inches. 
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Tbe  time  of  ganging  of  these  streams  was  toward  the  close  of  the  sea- 
son when  irrigation  of  crops  is  necessary.  Earlier  in  the  season,  wben 
more  water  is  needed  for  that  purpose,  the  streams  always  carry  a 
greater  quantity. 

If  fatnre  interests  should  ever  make  il  desirable  to  have  artesian 
wells  in  that  regioni  they  may,  no  doubt,  be  successfully  made  in  sev- 
eral places;  as,  for  example,  in  Coyote  Basin,  tbe  valley  between  Mid* 
land  Bidge  and  the  Baven  Park  Uplift,  in  the  valley  of  Bed  Bluff  Wash, 
&c.  Tbe  conditions  of  the  strata  of  tbe  district  upon  which  this  opinion 
is  based  ai*e  shown  in  the  sections  at  tbe  bottom  of  the  geological  map 
accompanying  this  report. 

Grazing  lands. — Although  irrigation  is  necessary  for  all  cultivated 
crops  in  that  region  of  which  this  district  forms  a  part,  very  nutritious 
grasses  grow  naturally  both  in  the  valleys  and  upon  tbe  uplands,  those 
of  the  latter  being  more  nutritious  than  those  of  the  former.  The  grass 
upon  the  uplands  is  thinly  scattered,  but  the  extent  of  surface  upon 
which  it  grows  is  so  great  that  it  will  furnish  an  abundance  of  food  for  all 
the  grazing  animals  that  may  be  required  by  the  limited  population 
which  the  irrigable  latids  of  the  valleys  are  capable  of  supporting. 

Fuel  and  building  material — Although  there  are  no  forests,  properly 
speaking,  in  this  district,  there  is,  upon  the  hills  and  mountains,  a  scat- 
tered and  generally  stunted  growth  of  cedar,  pinon,  and  aspen  trees, 
which  is  quite  sufficient  in  amount  to  meet  all  requirements  for  fael, 
fences,  and  such  small,  rude  buildings  as  may  be  required  for  farm  par- 
poses.  Easily  dressed  sandstone  is  almost  everywhere  abundant,  from 
which  substantial  buildings  may  be  constructed. 

Besides  the  wood  fuel,  which  will  doubtless  be  quite  sufficient  for  all 
the  ordinary  wants  of  tbe  greatest  iK>pulation  which  tbe  district  will  ever 
support,  there  are  several  localities  where  coal  may  be  obtained  in  com- 
parative abundance.  Among  tbe  best  exposures  of  coal  that  were  ob- 
served during  tbe  progress  of  the  survey  are  those  of  two  principal  beds, 
one  of  which  is  found  in  and  near  Gafion  Park,  apd  another  in  the  Dan- 
forth  Hills,  northwestward  irom  White  Biver  Indian  agency.  Both  of 
these  beds  occur  among  tbe  strata  of  the  Laramie  Group,  one  being 
near  the  base  and  the  other  near  the  top  of  tbe  series.  Comparatively 
little  search  will  doubtless  fully  reveal  these  and  other  beds  of  coal 
in  those  places,  from  which  supplies  may  he  obtained  with  comparatively 
little  labor.  The  bed  that  occurs  in  the  Danfortb  Hills  is  also  seen  ex- 
posed in  the  valley  sides  of  Yampa  Biver  below  Canon  Park.  This  bed 
doubtless  represents  oneof  those  at  the  well-known  mines  at  Bock  Springs 
Station,  on  the  Union  Pacific  Bailroad,  Wyoming.  The  bed  that  occurs 
in  thempper  strata  of  the  Laramie  Oroup,  and  which  is  exposed  in  Canon 
Park,  doubtless  represents  one  of  those  beds  which  were  formerly  worked 
at  Point  of  Bocks  and  Black  Buttes  stations,  on  the  railroad  just  named. 

A  bed  of  coal  in  the  lower  strata  of  the  Colorado  Group,  near  the  south 
side  of  Lily's  Park,  has  already  been  mentioned  on  a  previous  page,  but  it 
seemssomewbat  doubtful  wbetheritwill  prove  to  be  a  good  one.  Although 
the  Laramie Groupcontains  so  much  coal  in  theeastern  partof  tiie district, 
there  seems  to  be  comparatively  little  among  the  strata  of  that  group  in 
the  western  part.  In  the  region  of  which  this  district  forms  a  part,  the 
Fox  Hills  Group  is  known  to  contain  some  coal,  but  within  the  limits  of 
this  district  no  good  bed  of  coal  was  discovered  among  the  strata  of 
that  group. 
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LETTEE  OP  TRANSMITTAL. 

Washington,  D.  0.,  April  9, 1877. 

8iB :  I  have  the  hoDor  herewith  to  aabmit  my  report  for  1876  as  geol- 
ogUt  of  the  White  River  divisiou.  Iq  accordauee  with  iDstractioos  re- 
ceived, we  left  Cheyenne,  Wyo.,  Angast  14, 1876,  and  started  for  the 
field  Aagast^  16  Irom  Rawlins,  Wyo.  After  a  march  of  one  hundred  and 
eigtity-five  miles,  we  arrived  at  the  White  River  Indian  agency,  where 
we  eommeuoed  operations.  October  12  we  returned  to  that  place,  hav- 
ing completed  the  geological  and  topographical  survey  of  the  area 
aasigned  to  ns.  During  that  time  we  obtained  sniiicieut  data  for  the 
porpoees  of  preparing  geological  and  topographical  maps  of  a  section  of 
ooontiy  (comprising  over  3,800  square  miles. 

The  subjoined  report  is  divided  into  three  chapters  and  a  conclusion. 
Of  these  the  first  treats  of  the  physical  character  of  the  country  exam- 
ined, the  seoond  of  its  structural  and  geognostic  features,  and  the  third 
contains  a  short  discussion  upon  the  intimate  connection  between  litho- 
logical  coDStitntion  of  rocks,  stratigraphy,  and  special  orographic  feat- 
area.  In  the  ^^  conclusion,"  the  various  geological  formations  I  encoun- 
tered in  Colorado  are  briefly  reviewed.  A  comparative  table  of  forma- 
tions throughout  the  State  has  been  added. 

I  wish  leave  to  express  my  sincere  thanks  to  Mr.  O.  B.  Chittenden, 
topographer  directing,  and  to  Mr.  E.  N.  Dickerson,  jr.,  meteorological 
observer,  for  their  nnii'orm  kindness  and  co-operation  during  the  field- 
season.  To  Mr.  W.  H.  Holmes  I  am  indebted  for  the  preparation  of 
illasttations. 

It  gives  me  pleasure  here  to  acknowledge  the  courtesy  and  material 
aid  extended  to  us  by  Mr.  Danforth,  agent  at  the  White  River  Indian 
agency,  and  Mrs.  Danforth.  To  them  we  owe,  in  a  great  measure,  the 
friendly  footing  upon  which  we  were  at  once  placed  with  the  Utes,  be- 
sides many  favors  that  are  most  heartily  appreciated  by  those  accus- 
tomed to  camp  life  and  camp  fare. 

Hoping  that  this  report  may  meet  your  requirements, 
I  am,  sir,  very  respectfully,  your  obedient  servant. 

FREDERIC  M.  ENDLICH. 

Dr.  F.  V.  Hayden, 

Geoloffiftin-eharge  U.  8,  Oeologioal  and 

OeographUiol  Survey  of  tke  Territories. 
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REPORT  ON  THE  GEOLOGY  OF  THE  WHITE  RIVER  DISTRICT. 


INTRODUCTION. 

DariDg  1876  the  ideological  survey  of  Colorado  was  completed  by  the 
foar  field-parties  sent  oat  for  that  purpose.  A  short  season  only  could 
be  devoted  to  the  work,  but  it  proved  to  be  of  sufficient  length  to  finish 
all  that  hski  been  assigned  to  each  individual  party. 

On  AugDBt  16  the  division  to  which  I  was  attached  as  geologist  left 
Bawlins  for  the  White  Biver  Indian  agency,  in  order  to  survey  a  strip 
of  country  west  and  southwest  from  that  point.  To  us  had  been  assigned 
tbe  region  lying  west  of  the  agency,  bordered  on  the  north  by  the  White 
Siver,  on  the  west  by  longitude  109^  30'  west,  on  the  south  by  north 
Latitude  4<P,  and  joining  on  the  east  with  the  district  of  the  late  Mr. 
Uarvine  (1873)  along  a  line  of  about  longitude  107^  45'  west.  The 
area  enclosed  within  these  limits  comprises  about  3,800  square  miles.  In 
order  to  expedite  the  work  as  much  as  possible,  it  was  decided  to  estab- 
lish White  Biver  agency  as  a  supply-post  for  provisions,  and  complete 
tbe  survey  in  two  trips  from  that  point.  This  plan  was  carried  out,  and 
proved  to  save  time  in  travelling. 

August  27  we  left  the  agency,  starting  southward,  and,  after  finish- 
ing the  area  we  had  expected  to,  we  returned  by  a  dififereut  route  to  our 
starting  point  September  9.  Leaving  it  again  September  11,  we  sur- 
veyed the  remaining  i>ortion  of  the  district.  Our  last  station  was  made 
October  11.  On  the  day  following  we  left  the  Indian  agency  and 
marched  eastward  by  way  of  Middle  Park,  crossing  the  continental 
divide  over  Boulder  Pass.  Snow  and  cold  weathier  impeded  rapid  pro- 
gress somewhat,  but  on  October  22  we  reached  Boulder  City,  from  where 
we  proceeded  to  Washington. 

In  treating  of  the  district  completed  during  that  time  I  have  con- 
eloded  to  divide  the  discussion  into  two  parts.  The  first  treats  of  the 
physical  character  of  the  region,  the  second  of  the  structural.  Uniform 
in  every  respect,  that  section  of  country  furnishes  but  very  little  of 
interest  either  to  the  geologist  or  palaeontologist.  It  is  not  a  pleasant 
region  to  travel  through,  owing  to  its  arid  character,  and  to  the  fact 
that  much  of  the  water  which  may  be  found,  is  little  less  than  a  satura- 
ted solution  of  carbonates  and  sulphates  of  the  various  alkalies.  For 
sanitary  purposes  it  would  answer  admirably  well,  but  this  peculiar 
feature  is  not  imrticularly  acceptable  to  any  one  who  may  be  dependent 
upon  the  water  he  meets  with  for  his  beverage  and  his  cooking. 
In  tbe  subjoined  pages  special  mention  will  be  made  of  the  most  alka- 
line ereeks  and  springs,  and  the  origin  of  the  alkalies  in  solution  will  be 
discussed. 
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DRAINAGE. 

A. — ^WHITB  BIYEB  BBAINAaB. 

Foar  large  streams  flow  into  the  White,  beading  on  the  Roan  Moan- 
tains  or  Book  ClifTs,  and  following  a  coarse  of  aboat  soath  to  north.  Of 
these  the  first  one  (going  from  east  to  west)  enters  the  White  aboat  30 
miles  below  the  agenoy  buildings.  It  is  called  Pi-ce-ance  by  the  In- 
diaDS,  and  we  have  retained  the  name.  This  stream  has  a  length  of 
45  miles,  and  carries  water  daring  the  entire  year.  Most  of  its  triba- 
taries  are  dry,  except  early  in  spring  and  daring  a  portion  of  the  rainy 
seasoD.  Doaglas's  Greek,  named  after  the  bead  chief  of  the  White- 
Biver  Utes,  is  the  next  stream  of  good  size ;  it  flows  into  White  River, 
aboat  60  miles  below  the  agency,  having  a  general  coarse  west  of 
Dortb.  Shorter  than  this  is  Evacuation  Creek,  which  joins  the  White 
25  miles  below  Doaglas's.  The  courses  of  the  two  last  named  are  very 
nearly  parallel.  Starting  with  two  main  forks,  wliich  join  at  Station 
32,  is  Two  Water  Greek;  while  its  east  fork,  Bitterwater  Fork,  con- 
taiDS  very  unpalatable  alkali  watery  the  west  one,  Sweetwater  Fork,  is 
fresh.  Below  the  junction  we  found  no  water  whatever.  Both  of  the 
last-named  streams  enter  the  White  beyond  the  western  border  of  Col- 
orado, in  Utah,  100  miles  below  the  agency. 

Besides  these  more  important  streams,  there  are  several  smaller  ones 
wrthy  of  mention.  Between  the  agency  and  Pi-ce-ance  is  Cattle  Creek, 
4  miles  below  the  former.  It  heads  near  Station  2,  and  after  but  a 
short  ran  joins  the  White.  Another  creek  is  found  between  Pt-ce-auce 
and  Douglas's,  draining  the  low  bluff  country  between  the  mouths  of 
the  two  larger  streams.  Asphalt  Wash  is  a  dry  creek  east  of  Two 
Water ;  it  is  but  short,  catting  deeply,  however,  into  the  sandstones 
and  shales  of  the  region. 

Near  the  heads  of  all  these  streams  we  found  more  or  less  abundant 
springs;  many  of  them  were  flowing  but  feebly,  during  the  titpe  of  our 
explorations  (the  dry  season),  and  a  short  distance  only.  In  the  morn- 
iug,  not  anfrequently,  the  water  was  more  plentiful,  and  camp  could  be 
aiade  at  a  point  from  which  any  flowing  water  would  be  removed  for 
some  distance  by  evening.  Evaporation  during  the  day  decreased  the 
emitted  quantity,  which  received  a  fresh  supply  during  the  night,  by 
the  cessation  of  this  evaporation,  and  by  the  precipitation  of  moisture  as 
a  copioas  dew.  As  has  been  observed  in  many  arid  regions  through- 
oat  the  world,  so  here,  too,  certain  strata  of  rocks  were  more  abundantly 
supplied  with  moisture  than  others.  It  was  in  such  strata,  or  imme- 
diately below  them,  that  springs  had  to  be  looked  for.  At  almost 
^ery  locality  where  the  lithological  character  of  strata  shows  only 
Siuidstone  and  shale,  we  will  find  the  same  occurrence.  Requisite,  of 
course,  are  conditions  favorable  to  the  emission  of  water  retained  by, 
soch  "  water-strata.'' 

B.— aBAin)  BIYEB  DBAINAaS. 

A  small  portion  only  of  the  drainage  belonging  to  this  river  falls  with- 
iu  the  limits  of  our  district,  south  of  the  agency.    The  divide  between 
5g  65 
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White  and  Grand  is  bat  12  miles  distant,  and  there  several  creeks  in  onr 
district  reach  the  Grand  without  leaving  it.  Among  tbem  Rifle  Greek 
is  the  most  prominent.  This  heads  near  station  4,  and  flows  in  a  gen- 
eral southwestern  course  until  it  enters  the  Grand.  Eoan,  Salt,  and  Bit- 
ter Creeks  merely  reach  our  district  with  their  head-water  drainage, 
and,  following  a  course  east  of  south,  join  the^Grand  at  varying  inter- 
vals of  space.  These  southern  streams  carry  more  water,  i.  e.,  water 
for  a  greater  distance  in  miles,  than  the  northward-flowing  tributaries 
of  the  White.  While  treating  of  the  stratigraphy  of  the  entire  region 
this  will  be  discussed. 

Summarizing  the  approximate  lengths  of  water-courses  contained  in 
our  district,  and  heading  within  its  limits^  we  arrive  at  a  result  which 
shows  that  the  length  of  the  main  streams  is  a  comparatively  large  one, 
as  compared  with  the  area.  Did  all  the  streams  contain  water  through- 
out the  entire  distances  of  their  courses  the  region  would  be  amply  sup- 
plied with  moisture.    As  it  is,  however,  it  is  dry. 

WHriE  RrVER  DRAINAOB. 

MilM. 

L©Dffth  of  White  River  within  district 130 

Cattle  Creek 16 

Pi-ce-ance  Creek ^ *.....  45 

Douglas's  Creek .• 35 

Evncaation  Creek 30/ 

Asphalt  Wash 18 

Total 26:^ 

Bitterwater  Fork 22 

Two  Water  Creek W 

Swet-twater  Fork 19 

Dickerson's  Creek 32 

Total 354 

GRAND  RTVER  DRAINAGE. 

l^ameless  Creek 22 

Rifle  Creek 17 

Roan  Creek -^ 32 

Salt  Creek 27 

Bittrrwater  Creek 30 

Desert  Creek 32 

Total 160 

Along  nearly  all  of  these  main  tributaries  of  the  two  rivers  we  foand 
Indian  trails,  greatly  facilitating  travel,  and  frequently  leading  to 
springs  which  could  scarcely  have  been  found  without  their  guidance. 
It  is  improbable  that  much  travel  should  ever  occur  in  that  region,  bat 
for  casual  travellers  the  trails  will  prove  to  be  of  invaluable  service. 

TOPOGRAPHY. 

The  larger  portion  of  the  district  is,  viewed  as  a  whole,  simply  an  ex- 
tensive plateau,  which  slopes  to  the  north.  Topographically  it  is  a  con- 
tinuation of  the  Grand  Mesa  south  of  the  Grand  Kiver.  As  generally 
is  the  case,  so  here,  too.  the  geological  formations  prove  to  exhibit  cer- 
tain types  of  orographic  features.  We  find  in  the  eastern  portion  of 
the  district  that  the  mesozoic  group  is  represented,  and  that  there  the 
country  is  more  irregularly  broken  than  farther  west.  A  long  line 
of  heavy  hogbacks  stretches  in  a  general  direction  a  little  east  of  south 
from  the  White  to  the  Grand.  At  several  places  streams  cut  throagh 
this  hogback,  flowing  westward.  On  its  eastern  face  it  is  steep,  generally 
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almoet  inaccessible,  bot  the  western  slope  is  more  gentle.  This  hog- 
back ridge  52  miles  in  length,,  is  about  1,400  feet  above  the  valley  east 
of  it,  presenting,  as  it  does,  good  points  tor  topographical  and  geologi- 
cal stations.  East  of  the  valley  the  hills  rise  to  considerable  elevation, 
for  that  section  of  conntry,  so  that  Stations  3  and  6  are  located  at  alti- 
tades,  respectively,  of  9,904  feet  and  8,5^3  feet  Cattle  Greek  flows  north- 
ward through  an  almost  straight,  grassy  valley  into  the  White ;  a  type 
of  valley  that  is  generally  formed,  of  greater  or  less  extent,  wherever 
Colorado  shales  are  overlying  Dakota  sandstones.  A  low  divide  con- 
nects this  with  Bifle  Valley.  Travelling  down  this  latter  we  reach  the 
Grand.  At  that  locality  this  river  flows  in  a  broad  valley,  hogging  the 
risiDg  region  on  the  south  side.  Low  bluffs  of  variegated  marls  are 
found  north  of  it,  forming  a  transition  between  the  steep  hogback  ridge 
and  the  valley  proper.  Ix>oking  off  westward  we  see  the  nearly  straight 
line  of  the  Book  Glifif.  Bising  to  a  relative  elevation  of  3,000  feet  they 
present  a  bold  escarpment  to  the  south,  one  that  is  broken  by  passes  at 
a  few  places  only.  The  regular  stratification  and  the  admirable  carving 
of  the  precipitous  southern  slope  give  this  plateau-edge  a  characteristic 
appearance.  At  many  places  the  strata  composing  it  have  yielded  to 
erodiog  agents,  and  great  masses  have  fallen  down,  producing  vertical 
vails.  Their  light  color  and  well-defined  stratification  make  them  ap- 
pear as  successive  shelves ;  hence  the  name  which  has  long  since  been 
given  to  this  elevated  plateau. 

Immediately  west  of  the  hogback  the  geological  formation  of  the 
plateau  and  the  latter  itself  commence.  Ascending  a  gradual  slope  to 
its  summit,  the  divide  between  White  and  Grand,  we  obtain  a  view  of 
the  entire  structure.  Forming  a  crest  which  trends  about  east  to  west, 
the  Book  Cliffs  retain  a  very  constant  absolute  elevation  of  their  highest 
points,  which,  however,  vary  but  slightly  from  the  general  altitude  of 
the  ridge.  On  average,  this  may  be  stated  as  being  8,700  feet  above 
sea-level.  An  Indian  trail  runs  along  the  entii*e  length  of  the  crest,  as 
this  is  by  far  the  most  convenient  place  for  travelling.  A  number  of 
springs  are  found  on  either  side  of  the  divide,  not  far  from  its  summit. 
Biding  down  any  of  the  northward-flowing  streams,  we  observe  that  their 
headwaters  are  generally  contained  in  steep,  narrow  gulches,  which  cut 
down  deeply  into  the  tertiary  strata.  Upon  reaching  a  lower  level, 
however,  the  valleys  widen,  are  very  flat,  and  not  nn frequently  show 
evidence  of  having  at  onetime  contained  lakes  of  considerable  extent. 
These  latter  have  disappeared  in  consequence  of  an  enormous  deposition 
of  diluvial  and  alluvial  dritt.  Inflowing  waters  have  carried  with  them 
large  quantities  of  sand  and  silt.  Into  the  lakes  where  the  rapid  pro- 
gress of  the  stream  was  checked,  this  ^'  removed "  material  has  been 
deposited;  thereby  the  level  of  the  lake-beds  has  gradually  been 
raised  and  the  water  flowed  off.  We  now  have,  instead  of  bodies  of 
water,  an  equivalent  of  alluvial  and  in  part  diluvial  soil.  Through 
this  the  present  streams  and  creeks  cut  deep,  narrow  gorges.  Fre- 
qaently  it  is  necessary  to  travel  for  some  distance  before  a  point  can  be 
foaod  where  these  gorges  may  be  crossed  by  animals.  During  the  rainy 
season  and  early  in  the  spring,  water  coming  from  the  more  elevated 
portions  of  the  x)leateau  transports  large  masses  of  the  comparatively 
light  material,  and  renders  the  streams  and  White  Biver  very  muddy. 
On  either  side  the  flat  valleys  are  inclosed  by  more  or  less  steep  bluffs, 
showing,  generally,  the  exposed  strata  on  their  faces.  Between  the 
streams  the  space  is  occupied  by  long,  narrow,  mesa-like  ridges.  East 
and  west  these  show  steep  slopes,  are  connected  on  the  south  with  the 
crest  of  the  Book  GlifGs,  and  northward  slope  very  gently  toward  the 
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White.  On  average,  this  slope  may  be  said  to  be  less  than  200  feet  to 
the  mile.  Short  grass  covers  many  of  the  ridges  aloog  their  flat  tops, 
while  the  sides  are  grown  over  in  part  by  juniper  and  pinion.  This  gen- 
eral character  holds  good  as  far  west  as  Evacuation  Greek.  Near  the 
junction  of  that  with  the  White  it  changes,  however.  A  heavy  series  of 
snperincnmbent  sandstones  has  produced  a  change  here.  Marching 
down  the  creek,  we  remain  for  a  long  distance  in  an  unbroken  canon,  the 
walls  of  which  are  about  600  to  800  feet  high.  Four  miles  above  its 
entrance  into  the  river  the  trail  leaves  the  creek,  and,  ascending  to  the 
summit  of  the  long  ridge  west  of  it,  strikes  across  toward  a  sharp  south- 
erly bend  of  the  White.  From  there  downward  the  river  flows  in  a 
narrow  canon.  Walls,  averaging  1,000  feet  in  height,  enclose  it  on 
either  side,  presenting  almost  vertical  faces.  A  dark-brown  to  yellow- 
brown  sandstone,  regularly  bedded,  composes  them.  Erosion  has  here 
produced  numerous  fantastic  figures  that  a  lively  imagination  can  en- 
dow with  life,  and  readily  compare  with  animate  beings.  On  the  isolated 
hills  and  knolls  south  of  the  canon,  which  former  owe  their  existence 
to  remnants  of  this  sandstone,  '^  monuments  ^  of  all  kinds  can  be  found. 
Gleavage-planes  in  the  sandstone  strata  have  produced  innumerable  pic- 
turesque forms,  and  erosion,  both  by  water  and  sand,  has  been  the 
artist  who  shaped  the  original  block* 

For  about  thirty  miles  this  canon  continues.  The  bed  of  the  river  is 
narrow,  covered  with  shrubs  and  brush,  which  greatly  impede  the  progress 
of  man  and  animal.  Dry  washes  comiu  ji:  from  the  north  are  cut  deeply 
into  the  yielding  sedimentary  beds.  Throughout  the  district,  west  of 
the  Great  Hogback,  the  topographical  features  of  the  region  are  remark- 
ably uniform.  ^^  Like  cause  produces  like  effect"  finds  another  applica- 
tion here.  We  find  but  very  subordinate  changes  in  the  lithological 
constitution  of  the  sedimentary  beds,  and  in  accordance  therewith  we 
notice  that  the  general  features  observed  undergo  but  slight  changes. 

As  a  rule,  it  may  be  stated  that  the  shales  and  marls,  whenever  suffi- 
ciently compact,  have  produced  steep,  inaccessible  cliffs,  while  the  sand- 
stones and  sandy  shale^  form  more  gentle  slopes.  Sandstones,  mostly, 
can  be  found  as  the  capping  of  low  bluffs,  which  they  have  protected 
from  erosive  influences,  thus  giving  rise  to  their  formation. 

Many  detail  features,  due  partly  to  erosion,  partly  to  vertical  cleavage 
of  the  strata,  were  noticed,  and  will  be  referred  to  at  the  proper  place. 
Inasmuch  as  certain  geological  formations  comprise  similar  or  identical 
strata  (lichologically  speaking)  within  circumscribed  areas,  occurrences 
of  such  a  nature  may,  locally,  be  regarded  as  characteristic  of  well-de- 
fined geological  groups.  Viewing  the  subject  from  this  standpoint,  the 
*^  monuments"  and  other  minor  orographic  features  become  of  import- 
ance to  the  geologist  exploring. 

In  the  subsequent  pages  space  will  be  devoted  to  a  short  discussion 
of  the  influence  that  stratigraphy  and  the  lithological  character  of  strata 
have  upon  the  orography  in  general,  and  upon  that  observed  in  Colo- 
rado in  particular.  To  the  field-geologist,  who  is  required  to  accomplish 
his  work  with  as  much  accuracy  as  possible  in  a  very  short  time,  hints 
furnished  by  exterior  physical  appearance  are  of  the  greatest  value. 
Colorado,  perhaps  more  than  many  other  regions,  furnishes  excdlent 
material  for  a  consideration  of  this  subject,  and  at  the  end  of  the  report 
on  that  State  a  brief  treatise  therenpon  may  justly  find  its  place. 

VEGKTATION. 

Each  special  region  of  the  country  has  its  own  more  or  less  charac- 
teristic shrubs  and  trees.    In  the  low  valleys  and  along  the  plateau-like 
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ridges  we  find  sage  brash  (Artemisia  Ltidoviciana)  covering  the  groond. 
Greasewood  {Sarcobatus  vermiculatus)^  growing  most  laxnriantly  in  the 
dry  valleys,  is  interspersed  throaghont.  In  the  moist  valleys  willows 
{Sidix  nigra)  occur  in  dense  masses  ,often  very  effectQaUy  blocking  the 
passage  of  a  pack-train.  Small  trees,  bearing  the  buffalo  berry  {Shepardia 
arganea)  and  service-berry  bushes  {AmeUinchier  alnifolia)  are  found 
together  with  them.  These  latter  may  serve  as  a  hypsometric  guide, 
occurring  in  that  latitude  rarely  above  7,000  feet  elevation.  Another 
tree  that  may  be  utilized  in  the  same  way  is  the  quaking-asp  {Populus 
tremuloides).  It  was  noticed  that  this  tree,  as  is  the  case  with  all 
Salietx^  is  mostly  found  near  moist  places,  and  it  is  frequently,  there- 
fore, regarded  as  indicating  the  presence  of  water.  In  this  we  were 
often  mistaken,  however,  but  found  that.where  it  grew  in  dry  (tempo- 
rarily so)  places,  it  invariably  selected  the  northern  or  northwestern  slope 
of  a  valley  or  caiLon.  Two  circumstances  combine  to  render  these  expo- 
sores  more  favorable  to  the  reception  and  retention  of  moisture,  the 
prevailing  vapid  winds  and  the  absence  of  sunshine  during  a  considera- 
ble portion  of  the  day.  Quaking-asp  sets  in  at  an  elevation  of  about 
7,500  feet  above  sea-level.  In  ihe  larger  river-valley  groves  of  cotton- 
wood  (Populus  baUamifera)  afford  excellent  camping  places.  They  grow 
to  considerable  height,  and  the  bottom  of  the  groves  is  generally  free 
from  underbrush.  All  the  low  bluffs  and  ridges  are  covered  with  pinon 
{Pinui  edulis)  and  juniper  (Juniperus  communis).  The  former  bears  small 
Duts  ill  its  cones,  which  are  collected  by  the  Indians,  and  serve  as  food, 
either  raw  or  roasted.  Neither  of  these  two  trees  grows  to  any  consid- 
erable height,  but  remains  email,  with  strong,  brittle  limbs.  At  about 
the  same  elevation  yellow  pine  {Finns  ponderosa)  occurs  in  our  district, 
though  sparingly.  Higher  the  white  pine  {Abies  Ungelmanni)  is  found, 
mostly  only  in  some  of  the  gulches  and  ravines  leading  down  from  the 
Bommit  of  the  Book  Cliffs. 

Very  little  tall  timber  occurs  in  the  district,  owing,  no  doubt,  to  the 
comparatively  small  supply  of  water.  During  the  time  occupied  by  our 
work  in  that  region  we  had  very  little  rain,  and  in*  all  probability  the 
season  was,  in  that  respect,  not  an  exceptional  one.  Snow  during  the 
winter,  beginning  early  and  lasting  long,  supplies  in  a  great  measure 
the  moisture  for  a  large  portion  of  the  area,  which  during  the  summer 
receives  none  except  that  from  dew  and  occasional  rain. 

It  seems  improbable  that  any  section  of  that  region  should  ever  be 
settled,  excepting  the  broad  valleys  along  White  River.  There,  by 
means  of  irrigation,  fair  crops  may  be  raia^,  that  will  repay  the  labor 
bestowed  upon  them.  Mr.  Danforth,  Indian  agent  at  the  White  Eiver 
Agency,  has  made  some  very  successful  attempts  at  raising  wheat,  oats, 
potatoes,  and  other  vegetables.  By  demonstrating  to  his  Ute  Indians 
tbe  benefits  derived  from  a  comparatively  small  amount  of  labor,  he 
has  induced  a  number  of  them  to  fillow  his  example.  They  have  ob- 
tained very  satisfactory  results,  and  were,  at  the  time  of  our  visit,  well 
pleased  with  the  experiment.  On  the  ridges  leading  to  the  summit  of 
the  plateau  and  along  the  watered  valleys  there  is  good  grazing,  and 
those  portions  would  answer  well  as  a  summer-range.  Before  the  com- 
pletion of  the  transcontinental  railroad  a  wagon-road  was  projected  and 
partly  completed,  following  down  the  White  and  from  the  Green  River 
westward,  extending  to  California.  It  is  known  as  Berthoud's  wagon- 
load.  The  building  of  the  railroad,  however,  made  an  overland  wagon- 
loute  superfluous,  and  the  work  was  dropped.  Game  seems  to  be  abun- 
dant In  the  higher  portions  of  the  district,  but  is  very  shy. 
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GENERAL   GEOLOGY. 

Id  tbe  district  examined  during  1876  the  variety  of  geological  forma- 
tions is  very  limited.  It  may  be  well  to  state  that  on  tbe  east  side  con- 
nection is  made  with  tbe  work  of  the  late  Mr.  Marvine,  which  he  accom- 
plished dnring  1874,  and  on  the  south  with  Dr.  Peale,  1876;  on  tbe  west 
I  nearly  join  with  Major  Powell,  and  on  the  north  my  northern  border 
was  the  southern  one  of  Professor  White.  Fortunately  for  tbe  peace 
and  happiness  of  the  formations  involved,  these  latter  are  at  all  points 
very  characteristic,  so  that  no  misapprehensions  exist  regarding  their 
age. 

On  tbe  east  we  find  the  oldest  group,  that  of  tbe  '*Bed  Beds."  They 
are  sufficiently  well  developed,  and,  as  usual,  marked  in  so  decided  a 
manner  that  no  mistake  regarding  their  identity  could  occur,  in  spite  of 
un  entire  absence  of  fossils.  To  a  certain  extent  they  have  been  dis- 
turbed by  local  plications  and  faults,  althon;L^h  their  general  trend  is  iq 
conformity  with  that  of  overlying  younger  beds.  In  canons  they  appear, 
rarely  reaching  to  the  summits  of  an^'  of  the  more  elevated  points, 
although  farther  east  they  no  doubt  can  be  found  higher  up.  Superiu- 
cumbent  upon  them  are  the  Jurassic  and  Cretaceous  beds.  Tbe  latter 
formation  is  represented  by  three  groups,  the  Dakota,  Colorado,  and 
Fox  Hills  groups.  Of  these  the  first  forms  prominent  bills  south  and 
southwest  of  the  agency,  showing  a  considerable  thickness.  Its  distri- 
bution is  one  following  an  approximate  north  to  south  line,  parallel  to 
the  strike  of  the  strata.  Upon  this  series  of  sandstones,  that  retain 
their  well-known  characteristics,  are  deposited  the  Colorado  shales.  As 
usual,  these  have  afforded  an  opportunity  for  the  formation  of  deep, 
narrow  valleys,  bordered  on  the  east  by  the  Dakota  beds  and  on  the 
west  by  the  Fox  Hills  group.  Owing  to  their  peculiarly  *'  tough  ^  nature, 
the  shales  do  not  [lermit  the  water  to  sink  down  to  any  considerable 
depth,  but  as  soon  as  the  superficial  strata  are  sufficiently  saturat<^.d  tbe 
water  is  forced  to  flow  off,  thus  producing,  in  these  valleys,  streams  that 
are  not  dry  even  during  the  hottest  season  of  the  year.  At  some  points 
tbe  Colorado  shales  form  the  base  of  the  long  hogback  ridge  running 
from  the  White  to  the  Grand.  Above  them  Fox  Hills  beds  close  the 
Cretaceous.  Their  vertical  devel(yment  is  but  inconsiderable  as  com- 
pared to  that  of  Southern  Coloraoo.  Throughout  the  entire  formation 
ibssils  are  rare,  save  the  most  common  species.  This  is  to  be  regretted 
all  the  more  in  the  upper  members  of  the  Fox  Hills,  as  a  liberal  supply 
of  characteristic  fossils  would  greatly  facilitate  the  accurate  definition 
of  the  boundary-line  between  the  Cretaceous  and  the  succeeding  Post- 
Cretaceous. 

Of  the  Tertiary  formation  two  groups  are  represented,  the  Wasatch 
and  Green  River.  They  follow  each  other  in  the  regular  succession,  and 
are  perfectly  conformable  with  each  other,  as  well  as  with  the  under- 
lying formations.  Although  palsBontological  evidence  in  these  groups 
is  sadly  wanting,  it  has  still  been  possible,  from  correlation  partly, 
70 
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to  determine  tbeir  geological  position.  The  first  group  appears  bat 
8Qbordiuate]y  in  the  district,  bat  the  Green  Eiver  covers  a  very  large 
area.  It  composes  the  entire  mass  of  the  Book  Glift's,  and  extends 
northward  beyond  White  Biver.  A  gentle  northerly  inclination  of  its 
strata  has  prodaced  the  long,  narrow  ridges,  separated  by  more  or  less 
steep  canons.  Beadily  ero<led  material  composes  the  beds,  and  they 
have  offered  bnt  slight  resistance  to  the  action  of  water,  and^  in  some 
instances,  ice  combined. 

Gradoally,  as  our  knowledge  of  the  Genozoic  formations  of  the  Rocky 
Mountains  and  contiguous  areas  increases,  we  are  enabled  to  produce 
a  more  definite,  more  acceptable  classification.  It  is  certainly  a  great 
temptation  to  distinguish  groups  by  local  names,  tb^us  facilitating 
deseription  and  geological  chronology,  but  it  leads  to  confusion,  and 
eoniaequently  to  inferior  value  of  the  results  obtained.  It  will  be  my 
endeavor  in  the  subjoined  pages  to  correlate  the  facts  observed  with 
others  already  known,  but  to  avoid,  so  far  as  consistent  with  the  recog- 
nition of  these  facts,  the  premature  acceptance  of  any  local  subgroups. 
In  this  way  only  can  we  eventually  arrive  at  a  comprehensive  view  of 
the  entire  series  of  Oenozoic  groups  of  the  West.  After  once  this  series 
has  been  well  established,  and  its  various  members  hare  been  assigned 
respectively  to  their  proper  positions,  then,  and  no  sooner,  will  be  the 
time  to  make  subdivisions  for  the  purpose  of  expressing  systematic  classi- 
fication— the  increased  knowledge  we  have  of  the  subject.  Besides  Ter- 
tiary we  find  lake  and  drift  deposits  in  the  district.  Tbe  former  are  not  to 
be  referred  to  any  division  of  a  special  period,  but  merely  represent  the 
ancient,  perhaps  not  very  remote,  existence  of  lakes  at  certain  localities. 
Drift  occurs  as  usually  along  the  streams,  and  in  some  instances  seems 
to  owe  its  present  position  to  the  action  of  glaciers.  This  will  be  dis- 
cossed  at  greater  length  bolow. 

^TSATIGBAPHY. 

In  its  general  features  the  stratigraphy  of  our  district  is  very  simple. 
We  have,  mainly,  a  westerly  and  then  northerly  dip  of  the  strata,  varied 
ODly  by  local  folds  and  flexures.  Dr.  White,  whose  district  adjoins  mine 
on  tbe  north,  has  there  found  very  important  folds,  forming  continua- 
tions of  and  connections  with  others  far  distant.  He  will  treat  of  them 
fnlly  in  his  report  which  is  contained  in  this  volume.  At  no  point,  ex- 
cepting along  the  Hogback  Uidge  between  the  White  and  the  Grand, 
do  any  of  the  folds,  observed  farther  north  by  him,  extend  into  my  dis- 
trict, save  for  the  distance  of  a  few  miles  only.  At  the  proper  place 
they  will  be  discussed,  so  flir  as  a  discussion  of  mere  fragments  is  possi- 
ble. Here  mention  shall  merely  be  made  thereof  as  to  the  character  and 
locality  of  their  occurrence. 

Following  along  the  eastern  side  of  the  Hogback  Bidge  we  find  that 
a  series  of  local  disturbances  have  taken  place }  the  most  distant  results, 
probably,  of  serious  and  extensive  folding  and  plication  farther  east. 
They  are,  however,  of  but  small  dimensions,  and  tbe  vertical  dislocations 
prodaced  have  had  but  little  influence  in  determining  the  configuration 
of  the  region.  As  a  rule,  it  may  be  stated  that  the  strata  dip  westward 
generally  at  an  average  angle  of  8^.  With  the  Hogback,  however,  we 
find  a  change.  Along  its  northern  end  the  dip  is  not  much  increased^ 
bnt  travelling  south  we  find  that  it  grows  steeper.  At  Station  5,  on  the 
drainage  of  the  Grand,  the  strata  stand  on  end,  gradually  assuming  a 
gentle  dip  again,  farther  west.  This  is  one  of  those  instances  that  have 
sooften  been  observed  along  the  Front  Bange,  where  the  dip  in  the  imme- 
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diate  vicinity  of  the  foot-hills,  or  moantains,  is  a  steep  one ;  bat  soon  the 
strata  assume  a  nearly  horizontal  position  again.    As  we  go  westward, 
along  the  crest  of  Book  Cliffs,  we  observe  nothing  but  a  slight  incliua- 
tion  a  little  west  of  north,  averaging,  probably,  2^  or  3^.    Tbis  is  con- 
stant throughout,  from  the  western  slope  of  the  Hogback  to  the  west- 
ern terminus  of  our  district.    No  variation  can  be  observed  from  tbis 
general  rule  until  we  approach  the  White  Biver  from  the  south.     Here 
we  find  the  last  remnants  of  those  flexures  that  have  been  mentioned 
as  occurring  in  Dr.  White's  district.    About  5  miles  below  the  agency 
the  first  instance  of  this  kind  is  observed.    A  well-expressed  anticlinal 
fold  is  cut  by  the  river,  and  occurs  as  such  for  a  short  distance  farther 
south ;  is  soon  lost,  however,  by  a  flattening  out  and  subsidence  of  the 
disturbed  strata.    Farther  north  this  is  well  developed,  and  forms  a 
prominent  feature  of  the  district.    Still  lower  down,  on  the  river,  at 
Kaven's  Park,  another  remnant  of  a  most  interesting  uplift  reaches 
southward  across  the  river.    In  that  park,  a  level,  approximately  oval 
valley,  the  lower  Cretaceous  beds  are  exposed  in  consequence  of  having^ 
been  raised  to  their  present  position.    On  all  sides  of  the  valley  the 
bluffs,  composed  of  younger  strata,  dip  off  in  every  direction.    Those 
having  an  inclination  toward  the  southeast,  south,  and  southwest,  fall 
within  the  limits  of  my  district,  and  form  a  series  of  rather  prominent 
hogbacks,  groui)ed  in  an  almost  regular  curve  south  of  the  White. 
From  that  locality,  down  the  river,  no  further  disturbance  was  noticed. 
The  general  dip,  a  little  west  of  north,  sets  in  again,  and  remains  con- 
stant as  far  as  our  explorations  extended. 

It  will  be  seen,  from  these  remarks  upon  tl)e  general  stratigraphy, 
that  the  region  examined  by  our  party  during  the  season  is  one  which 
was  subjected  to  but  few  of  the  disturbing  influences  that  wrought  such 
thorough  changes  farther  east  in  the  Elk  Mountains  and  west  in  the 
Uintas.  Whatever  action  may  have  produced  the  plications  observed, 
however  extended  that  may  have  been,  the  region  south  of  White  River 
is  the  one  where  first  again  we  notice  normal  conditions  of  the  structure. 
South  of  it  this  continues  for  some  distance  until  the  great  folds  found 
by  Dr.  Peale  are  encountered.  iSo  far  as  the  stratigraphy  is  concerned, 
therefore,  we  have  but  few  and  not  very  extensive  exceptions  to  note, 
to  the  evidence  of  normal,  almost  undisturbed  deposition. 

JTJBA-TBIAS. 

Bed  Beds. — ^From  Marvine's  district  of  1874  the  palsBozoic  formations 
extend  westward,  just  reaching  the  eastern  border  of  our  work.  The 
groups  forming  the  area  directly  east  of  our  section  belong  mainly  to 
the  Carboniferous  series.  As  a  rule  the  dip  of  the  strata  is  toward  the 
west,  but  local  plications  and  small  faults  have  produced  some  disturb- 
ances that  are  of  small  extent,  however.  Sesting  conformably  upon  the 
Carboniferous,  which  does  not  enter  into  consideration  in  this  report,  are 
the  Mesozoic  bed^.  The  series  commences  with  the  characteristic  group 
of  the  ^^  Ked  Beds,"  to  which  has  been  assigned  a  Triassic  age.  In  no  man- 
uer  were  they  observed  to  differ  particularly  from  those  observed  on  the 
eastern  slope  of  the  Front  Range.  Most  likely  their  vertical  develop- 
ment is  somewhat  larger  here  than  there,  but  in  all  lithological  and 
stratigraphical  features  they  agree  closely.  Owing  to  the  development 
of  superincumbent  Jurassic  and  Cretaceous  strata  the  Bed  Beds  appear 
within  our  district  generally  in  the  caiions,  and  only  in  some  instances 
do  they  reach  more  elevated  portions.  According  to  Marvine's  survey, 
the  Bed  Beds  cross  the  White  Biver  about  2  miles  above  the  agency, 
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and  their  western  edge  follows  a  son tli  westerly  direction.  In  1876 1  first 
noticed  them  from  Station  2,  which  is  located  at  an  elevation  of  9,283 
feet  on  Dakota  sandstone.  There  the  red  sandstones  appear  in  the  steep 
canons  immediately  adjacent,  showing  small  local  faalts.  They  have  a 
general  dip  to  the  westward  of  about  6^  to  8^,  which  is  sometimes 
varied,  however,  on  account  of  disturbances.  Continuing  southward 
they  gradually  rise  to  higher  elevations  antil  their  highest  point  within 
our  district  is  reached  at  Station  3,  an  altitude  of  9,904  feet.  Bidges 
and  canons  extending  southward  are  composed  of  strata  belonging  to 
the  same  g7X)np.  In  the  deep  canons  southeast  of  the  station  the  Oar- 
boniferoQS  beds  crop  out,  but  are  soon  covered  by  younger  beds.  Far- 
ther east,  in  Marvine^s  district,  Carboniferous  strata  cover  an  extensive 
area,  but  in  oar  section  they  appear  only  as  small  exposures  in  the  deep- 
est canons. 

From  that  point  on,  the  Bed  Beds  follow  a  line  of  exposure  about 
sotttbeast,  parallel  in  its  general  course  with  the  Great  Hogback  Bidge. 
l*he  sandstones  eastward  run  up  high  on  the  slopes  of  the  hills,  reach- 
ing a  thickness  there  of  about  2,000  feet.  A  section  (Section  I)  taken 
a  little  north  of  Station  2,  shows  the  general  vertical  distribution  of 
the  strata,  and  a  small  fault,  about  600  feet  in  height,  one  of  a  num- 
ber occurring  in  that  locality.  Massive  beds  of  red  sandstone  (a) 
are  overlaid  by  a  series  of  grey  shales  and  marls  (5),  interstratified  with 
thin  beds  of  sandstone.  These  belong  to  the  series  that  is  generally 
quoted  as  Jurassic  and  has  been  so  colored  on  the  map.  Yellow  and 
whitish  sandstones  (c)  of  the  Dakota  Group  occur  above  the  light-grey 
marls,  and  are  in  turn  covered  by  the  Colorado  shales  {d).  Above  the 
latter  follow  the  younger  members  of  the  Cretaceous,  reaching  the  Fox 
Hills  group.  In  spite  of  the  disturbances  produced  by  faulting,  the  gen- 
eral westerly  dip  is  noticeable  throughout,  and  is  in  perfect  conformity 
with  nnder-  and  over-lying  strata. 

Jiira.— Beds  that  have  heretofore,  more  firom  their  relative  position, 
perbaps,  than  from  any  direct  evidence,  been  referred  to  this  formation, 
occur  throughout  the  entire  length  of  the  Triassic  outcrop.  The  beds, 
composed  of  light-grey  marls,  shales,  and  partly  sandstones,  overlie  the 
red  sandstones,  and  share  with  them  in  the  disturbances  and  faults  that 
have  taken  place.  Along  the  western  border  of  the  Triassic  outcrop 
the  Jurassic  exposure  forms  a  long  narrow  strip,  extending  from  the 
White  down  to  Grand  Biver.  No  fossils  whatever  were  found  in  the 
marls  that  could  furnish  any  clew  as  to  the  geological  age  of  the  series. 
As  stated  above,  their  position  has  been  aasigned  to  them  long  ago, 
partly  on  account  of  some  fossils  found  in  the  same  beds  east  of  the 
Front  Bange,  partly  on  account  of  their  position  between  the  Bed  Beds 
ami  the  undoubted  Cretaceous.  It  is  no  more  than  fair  to  state  that  their 
being  placed  into  the  relative  position  they  at  present  occupy  (speaking 
of  both  Trias  and  Jura),  is  subject  to  question.  Until  decisive  palae- 
ontological  proof  may  have  been  obtained,  either  confirming  or  refuting 
the  opinion  now  held  and  expressed,  it  is  necessary  to  leave  room  for 
doobt  as  to  their  true  position.  Lithologically  and  geognostically  they 
agree  very  well  throughout  Colorado,  so  that  they  can  be  readily  recog- 
nized. Stratigraphically  they  are  almost  invariably  conformable  with 
older  and  younger  formations,  and  adapt  themselves  to  the  general 
stmeture  of  the  region.  It  is  possible  that  future  discoveries  may 
change  the  views  we  now  hold  provisionally  with  reference  to  the  Jura- 
Trias,  but  inasmuch  as  classification  is  but  the  expression  of  our  pres- 
ent knowledge,  it  is  perfectly  justifiable  that  in  geological  discussions 
the  groups  should  be  separated.    It  seems  surprising  that  no  palseonto- 
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logical  evidence  spread  over  any  extensive  region  has  been  foand  witbia 
the  limits  of  the  Jara-Trias^  bat  we  may  hope  that  some  day  a  lucky 
*^iind"  will  reward  patient  search  and  set  at  rest  all  doubts  regarding 
geological  age. 

OBETAOEOUS. 

Of  this  formation  we  have  several  gronps  repfesented  in  onr  district. 
Instead  of  separating  the  entire  series  of  beds  into  Ave  n  ambers,  the 
acceptation  of  the  three  groups,  Dakota,  Colorado,  and  Fox  Qills,  is  by 
far  more  applicable.  AIL  of  these  are  developed  in  their  regular  suc- 
cession, and  are  found  at  several  localities  with(u  the  district.  As 
usual,  they  are  perfectly  conformable  to  each  other,  and  show  the  sanie 
general  characteristics  that  distinguish  them  elsewhere.  The  various 
gronps  are  more  favorably  developed  in  Professor  White's  district,  uorlh 
of  the  river;  and  along  the  latter,  only  edges  of  his  Cretaceous  areas 
reach  over  into  my  own  section.  East  of  and  on  the  Grand  Hogback 
Bidge  the  greatest  development  of  Cretaceous  strata  is  found.  In 
regular  succession  the  beds  follow  upon  each  other,  disturbed  uniformly 
by  the  force  that  produced  the  westerly  dip.  This  at  times  is  steep, 
but  soon,  true  to  the  hogback  character,  becomes  gentle,  and  the  strata 
continues  in  a  nearly  normal  position  under  the  younger  Tertiary  beds 
beyond.  All  the  stratigraphical  structure  is  so  regular  that  it  will 
require  but  very  little  discussion,  and  wherever  features  of  any  particu- 
lar interest  may  be  observed,  they  will  be  mentioned  when  speaking  of 
the  locality  where  they  were  found. 

Dakota  Group. — ^True  to  the  usually  observable  character  of  this 
group,  it  is  here  ,also  composed  of  the  sandstones  and  narrow  inter- 
strata  of  dark  shales,  toward  the  upper  portion  of  tbe  series.    A  short 
distance  above  the  agency  the  Dakota  sandstones  cross  the  river, 
coming  fiom  a  more  extensive  area  to  tbe  eastward.    It  lorms  the  promi- 
nent hill  southwest  of  tbe  agency,  upon  which  Station  1  was  located. 
From  there  the  outcrop  of  the  sandstone  runs  a  little  east  of  south,  op- 
posite the  great  Hogback  Eidge.    Kear  the  divide  between  the  White 
and  Grand  the  Dakota,  beds  form  a  sharp  prominent  hill,  commanding 
a  good  view  over  the  surrounding  country.    The  elevation  of  this  point 
is  9,283  feet  above  sea-level,  about  1,800  feet  higher  than  the  valley  im- 
mediately west.    Following  along  the  outcrop  we  find  that  the  relative 
and  absolute  elevation  of  the  sandstone  decreases,  and  that  the  higher 
points  are  occupied  by  strata  belonging  to  the  Bed-Bed  series.    Cre- 
taceous, then,  only  flanks  the  higher  hills,  dipping  steeply  toward  tbe 
west.    Farther  south,  opposite  Station  4,  the  trend  of  the  outcrop  of  Da- 
kota beds  is  no  longer  a  southward  one,  but  veers  off  to  the  southeast^ 
There  too  tbe  angle  of  the  dip  diminishes,  and  the  area  covered  by  tbe 
sandstones  is,  in  consequence,  larger  than  farther  north.     Station  6 
was  located  on  one  of  the  most  prominent  hills,  at  an  altitude  of  8,533 
feet.    There  the  dip,  in  conformity  with  the  change  of  the  line  of  out- 
crop, turns  slightly  toward  the  south.    In  the  vicinity  of  the  Grand  tbe 
outcrof)  gradually  becomes  more  narrow  until  it  crosses  the  river.    In 
general  character  the  sandstones  of  this  group  agree  closely  with  tbe 
parallel  ones  observed  elsewhere.    Varying  from  a  yellowish  white  to 
yellow  and  even  brownish  color,  they  present  no  change  from  the  faeiss 
that  may  be  regarded  as  characteristic  of  them.    Their  thickness  may 
be  estimated  at  about  1,000  feet.    Among  the  upper  members  thin  inte^ 
strata  of  dark,  partly  carbonaceous  shales  may  be  observed.    They  are 
typical  of  this  upper  horizon,  and  may  frequently  aid  in  recognizing  tbe 
group. 
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In  ereiy  respect  are  the  Dakota  sandstones  conformable  with  the 
undprlyiDg  and  overlying  beds,  participating  only  to  a  slight  extent^ 
however,  in  the  local  faulting  disturbances  of  the  former.  It  is  highly 
probable  that  we  have  bat  the  extreme  western  traces  of  the  extensive 
distarbaoces  of  the  Elk  Mountain  region.  In  that  case  we  can  assume 
that  the  force  was  no  longer  sufiScient  to  produce  any  serious  disloca- 
tioD8  80  far  removed  from  the  central  point  of  acting  force.  Although  the 
general  stractaral  arrangement  was  no  doubt  occasioned  by  the  agency 
of  this  force,  it  bad  alresuiy  been  so  far  spent  before  reaching  the  local- 
ities in  qaestion,  that  its  manifestation  there  is  not  a  very  decided  one, 
regarding  local  features  of  structural  changes.  Along  its  western  edge 
the  Dakota  Group  is  everywhere  overlaid  by  Colorado  shales  in  that 
region,  which  latter  dip  off  conformably  with  them. 

This  line  of  outcrop  is  the  only  one  where  Dakota  sandstones  were 
ukH  with  in  our  district,  if  we  except  a  limited  occurrence  on  the  White 
aboQt  five  miles  below  the  agency.  There  a  slight  upward  folding  of 
the  strata  has  taken  place,  and  the  river  has  cut  through  to  a  sufficient 
depth  to  reach  the  sandstones.  They  soon  disappear,  however,  being 
<x>vered  by  the  Colorado  shales.  To  the  extreme  regularity  of  strati- 
graphical  structure  farther  west  this  complete  covering  of  older  beds  is 
dne.  There  has  been  no  opportunity  afforded  them  to  appear  on  the 
surface  within  our  district  either  by  disturbances  or  by  sufficiently  deep 
erosion  where  the  results  of  stratigraphical  changes  farther  north  have 
affected  the  beds  in  our  district. 

Colorado  Ch-aup, — As  indicated  above,  the  shales  of  this  group  occupy 
a  normal  position  with  reference  to  the  underlying  sandstones.  They 
eontain,  within  their  area,  the  valley  in  which  the  agency  is  located,  and 
skirt  the  hill  of  Station  1,  reaching  from  the  sides  of  the  latter  down  to 
the  White,  thus  forming  the  grassy,  gentle  slopes  which  descend  toward 
that  river.  True  to  their  usual  characteristics  they  here,  too,  are  found 
developed  in  a  valley.  Separating  the  higher  easterly  hills  from  the 
Grand  Hogback  Ridge  is  a  valley  from  one  to  three  miles  in  width.  It 
is  very  uniform,  scarcely  rising  perceptibly  even  at  the  divide  between 
the  White  and  Grand,  near  Station  2,  and  continuing  from  there  down- 
ward with  Rifle  Creek.  This  entire  depression  is  formed  by  Colorado 
shales.  It  is  due  maiuly  to  erosion,  which  must  have  commenced  with 
the  initiative  upheaval  of  the  Hogbacks.  Along  the  eastern  edge  of  the 
valley  the  shales  iorm  low,  rounded  hills,  varying  from  a  dark  grey  to 
yellowish  and  white  color.  Near  the  exit  of  the  valley  into  that  of  the 
Grand  this  feature  is  especially  noticeable.  Numerous  fragments  of 
Inocerami  and  Ostreas  are  scattered  oil  over  the  hills. 

On  this  eastern  side  the  dip  of  the  shales  is  generally  a  steep  one,  con- 
formable with  that  of  the  Dakota  sandstones';  but  as  we  gradually  ap- 
proach the  base  of  the  Hogback  Eidge,  we  find  that  it  diminishes,  and 
the  shales  dip  under  the  younger  beds  at  an  angle  of  about  Go  to  10^, 
That  they,  mainly,  have  given  rise  to  the  formation  of  the  valley  by 
Diore  rapidly  yielding  to  erosion,  is  shown  by  the  fact  that  along  the 
entire  Hogback  they  reach  just  about  to  its  eastern  base,  so  that  in 
reality  the  width  of  the  valley  is  determined  primarily  by  the  relative 
dip-angle  of  the  Dakota  sandstones.  Wherever  this  angle  diminishes, 
the  Colorado  shale  area  widens,  and  thus  affords  the  possibility  of  a 
wider  valley.  It  seems  highly  probable  that  a  number  of  the  low  hills 
composed  of  these  shales  were  covered  by  sandstones  belonging  to  the 
SQcoeeding  group,  but  the  cappiugs  have  been  eroded  away,  and  now 
only  their  influence  in  shaping  the  horizontal  outlines  of  these  bluffs 
Kmains  as  proof  oi  a  former  existence  there.    One  small  bluff'  was  found 
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still  rotaiu  ing  its  protecting  cap,  near  the  Grand.  As  is  the  case  with  tb4 
preceding  Dakota  Groap,  the  Oolorado  outcrop  follows  the  same  coui^si 
indicated  by  the  apheaval,  or  rather  uptarn,  of  the  Hogback  Ridge,  anc 
owing  to  the  stratigraphical  structure  confines  itself  to  a  narrow,  loo| 
strip. 

It  was  a  matter  of  considerable  difiSoulty  to  make  any  satisfactorj 
estimate  of  the  thickness  of  the  Colorado  shales,  owing  to  the  want  oi 
sufficiently  favorable  outcrops.  By  adding  the  observations  made  at  u 
number  of  localities,  however,  I  have  estimated  it  to  about  900  to  1,1CK] 
feet,  widening,  perhaps,  and  contracting  locally.  Besides  this  exposure 
of  the  shales,  there  is  but  one  more  in  our  district.  This  occurs  on  the 
White  Biver,  a  little  east  of  Station  40,  extending  from  there  up-stream 
about  two  miles  beyond  the  junction  of  Douglas' Creek  with  the  White. 
At  that  place  the  shales  are  exposed  in  a  depression  named  Raven's  Park 
by  Dr.  White.  They  have  appeared  in  consequence  of  an  exceedingly 
interesting  flexure  of  the  strata,  which  ha«  brought  to  view  them  as  weU 
as  the  younger  beds,  elsewhere  hidden  from  sight  by  the  superincam- 
bent  strata  of  the  Green  Biver  Group.  In  speaking  of  the  Tertiary  beds 
the  nature  of  the  flexure  involved  will  be  discussed.  Here  it  may  sof* 
floe  to  say,  that  the  shales  are  brought  to-day  and  occupy  an  itluios^ 
perfectly  level  valley  for  about  ten  miles  along  the  river.  Its  maximum 
width  south  of  the  White  ia  two  and  a  half  miles.  Farther  north  the 
main  depression  is  found,  the  one  quoted  being  merely  its  southera 
edge.    Dr.  White,  in  treating  of  his  district,  will  speak  of  it  at  length. 

Fox  Hills  Oroup, — ^Of  the  three  Cretaceous  groups,  this  one  certainly 
occupies  the  most  prominent,  topographically  speaking,  position  in  cor 
district.    In  the  preceding  pa^es  the  Grand  Hogback  has  freqently  been 
mentioned.    It  rises  abruptly  from  the  valleys  formed  by  the  Colorado 
shales,  shows  a  steep  face  toward  the  east,  and  falls  off  more  or  less 
steeply  westward.    Starting  along  it  from  the  White  Biver  southward, 
we  And  that  its  relative  elevation  is  about  1,000  feet;  but  after  we  have 
crossed  the  divide  between  the  White  and  Grand,  this  is  increased  to 
1,600  feet.    While  north  of  the  divide  the  ridge  is  more  or  less  broken  by 
erosion,  it  presents  an  almost  impenetrable  wall  farther  south.    Passages 
are  afforded  only  by  a  few  openings  that  scarcely  owe  their  existence 
entirely  to  the  action  of  water.    Almost  the  entire  Hogback,  from  the 
White  down  to  the  Grand,  is  formed  by  members  of  the  Fox  Hills  Group. 
In  its  northern  half,  where  it  is  lower,  these  beds  form  both  the  eastern 
face  and  a  large  portion  of  the  western  slope,  but  south  of  the  divide 
they  scarcely  reach  to  the  summit.    We  can  assume  for  the  Fox  Hills 
series  an  average   thickness  of  about  1,500  feet.     It  begins  witii 
dark,  soft  shales,  which  are  followed  by  a  characteristic  white  sand- 
stone.    This  is  covered  by  a  succession  of  grey  to  yellowish-brown 
shales,  underlying  a  series  of  similarly  colored  sandstones  and  shales. 
In  the  northern  half  of  the  Hogback  the  strata  dip  westward  at  an 
angle  of  15^  to  18^,  but  as  we  proceed  south  we  And  that  this  is  greatly 
increased.    At  the  passage  of  Bifle  Creek  through  an  opening  in  the 
ridge,  the  strata  stand  perfectly  on  edge,  but  assume  a  westerly  dip 
again,  which,  in  the  overlying  Tertiary  beds,  rapidly  becomes  very  gen- 
tle.   Erosion  has  produced  very  striking  effects  on  the  eastern  slope  of  tbe 
ridge,  carving  the  soft  and  yielding  strata  into  singularly  regular  ridges 
and  symmetrical  troughs.     Cretaceous  fossils  scattered  through  the 
strata  comi)osing  this  group,  furnish  evidence  as  to  its  relative  position 
and  agt),  were  those  not  already  furnished  by  the  position  occupi^.    It 
has  b^n  mentioned  in  speaking  of  the  Colorado  G.'oup,  that  the  shales 
of  the  latter  dip  under  the  Fox  Hills  beds  at  the  eastern  base  of  the  ridge. 
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We  can  elaim,  therefore,  for  the  highest  Gretaceoas  of  the  region  all 
dnwe  strata  from  the  base  up  to  the  post-Cretaceous  horizon. 

The  entire  Hogback  Kidgeis  stmctnrallyan  extraordinarily  interesting 
occurrence.  Ck>ntinning  from  Dr.  White's  district  into  ours,  it  extends 
imbroken  for  a  distance  of  more  than  50  miles  to  the  Grand  Biver,  and 
erossing  that  enters  Dr.  Peale^s  district.  In  its  general  structure,  it  is 
oitirely  uniform.  A  dip  to  the  westward  is  prevalent,  varying  in  angle, 
however,  and  at  whatever  high  angle  it  may  be  found,  soon  returning 
to  a  lower  one.  Thus  the  same  beds,  that  but  a  short  distance  from  the 
Tertiary  strata,  stand  on  edge,  underlie  the  latter  conformably  si^  miles 
fother  west,  dipping  at  an  angle  of  about  4^.  These  flexures  are 
thoroughly  characteristic  of  the  Cretaceous  formations  of  the  west ;  and 
we  have  in  this  instance  one,  including  at  the  same  time  post-Cretaceous, 
and  in  part  Tertiary  strata.  The  connection  and  correlation  of  this  ridge 
with  eontinnations  both  north  and  south  will  furnish  a  clew  to  the  causes 
for  its  existence. 

On  the  White,  near  Station  40,  we  find  another  outcrop  of  the  Fox 
Bills  Group,  in  connection  with  that  of  the  Colorado  shales.  It  is  con- 
formable with  ^  the  latter,  and  varies  in  no  particular  feature  from  the 
group  elsewhere,  neither  in  lithological  character  nor  in  the  arrange- 
ment of  its  strata.  With  this  group  the  occurrence  of  Cretaceous  b^s 
in  our  district  closes.  The  area  occupied  by  the  formation  is  a  very 
much  restricted  one,  and  one  showing  exceedingly  regular  stratigraphy 
ical  anrangement*  The  total  area  covered  by  Cretaceous  beds  within 
our  district  amount  approximately  200  square  miles.  This  is  a  very  small 
portion  of  the  entire  area  only,  and  in  consequence  of  the  comparative 
simplicity  of  stratigraphical  features,  the  Cretaceous  formation  there 
presents  bat  few  localities  of  special  interest. 

POST-OBETACEOUS. 

Laramie  Oraup. — ^In  our  district  of  1876  it  becomes  a  matter  of  con- 
MeraUe  difficulty  to  draw  the  boundary-line  between  the  Fox  Hills  and 
the  succeeding  Laramie  Group.  Both  the  upper  members  of  the  former 
and  the  lower  ones  of  the  latter  are  composed  of  series  of  sandstones 
and  shales  alternating.  In  both  these  groups  the  sandstones  and  shales 
are  very  similar,  so  much  so  that  it  is  almost  impossible  to  draw  the 
line  of  distinction  between  the  two.  The  absence  of  any  characteristic 
foQsils  is  to  be  regretted,  but  those  that  were  found  certainly  do  not  aid 
in  arriving  at  any  definite  decision.  Professor  White  informs  me  that 
to  his  district  the  circumstances  are  the  same,  and  that  he,  as  well  as 
I  myself,  is  forced  to  make  a  more  or  less  arbitrary  division  be- 
tween the  two  groups.  After  deliberation  I  have  decided  to  begin  the 
Laramie  with  a  aeries  of  light  yellowish  to  white  shales,  interstratified 
partly  with  sandstones  of  the  same  color.  These  are  covered  by  a 
series  of  heavy  sandstone  strata,  separated  from  each  other  by  grey  and 
brownish  shales.  These  are  comparatively  constant  in  their  occurrence, 
and  are  most  typically  developed  in  the  southern  half  of  the  Hogback 
Bidge. 

The  distribntion  of  the  beds  assignable  to  this  group  is  very  limited. 
Oa  White  Biver,  about  fifteen  miles  below  the  agency,  they  first  crop 
OTit,  forming  a  portion  of  the  bluffs  on  its  south  side.  From  there  they 
<X)Dtinue  in  a  narrow  line  due  south,  occurring  along  the  western  slope 
oftbeOrand  Ilogback,  and  below  the  divide  between  White  and  Grand 
follow  the  southeasterly  bend  made  by  it.  The  entire  horizontal  expo- 
sare  of  tbo  group  comprises  but  a  narrow  strip,  although  its  single  mem- 
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bers  are  more  developed  and  aagmented  farther  south.  While  the  Tost 
amie  beds  are  found  on  the  west  slope  of  the  hogback  to  the  norths 
they  gradually  reach  to  the  summit  of  the  ridge  which  they  form  on 
Station  4,  at  an  elevation  of  9,311  feet.  From  there  on  they  continae  on 
the  crest  of  the  ridge,  participating  in  the  various  dips  as  exhibited  bj 
the  older  underlying  strata.  Near  Bifle  Greek  they  stand  on  edg^e,  but 
soon  dip  more  gently,  conformably  with  the  Fox  Hills  underneath.  Io< 
dications  of  coal  were  observed  here  in  the  interstrata  of  dark  shales,  but 
at  no  point  were  well-developed  beds  found.  North  of  the  agency  coal* 
beds  have  been  found  in  the  same  formation,  reaching  a  thickness  oi 
about  4  feet.  They  are  located  at  the  southern  entrance  of  Yellow 
jacket  Pass,  and  have  been  prospected. 

Within  our  district  Laramie  strata  occur  but  once  more  besides  at  the 
Hogback,  at  the  same  locality  where  we  find  the  younger  Cretaceous 
beds.  South  of  Station  40  they  form  a  series  of  low  bluffs,  the  strata 
of  which  dip  to  the  southward.  There,  too,  coal  was  observed,  but  its 
qaality  was  not  sufficiently  good  to  admit  of  its  use  a^  fuel.  It  was 
very  ^' slaty,"  having  a  large  admixture  of  shales  and  marls  within  the 
coal-beds.  It  is  quite  possible,  however,  that  this  is  but  a  local  feature, 
and  that  good  coal,  answering  all  requirements,  may  still  be  found  in 
some  region  where  the  Laramie  Group  is  exposed.  As  is  the  case  with 
the  older  groups,  we  find  that  the  steep  westerly  dip  shown  along  the 
hogback  ridge  soon  allows  the  strata  belonging  to  this  formation  to 
drop  out  of  sight.  They  are  hidden  from  sight  under  the  succeeding 
Tertiary  beds,  and  do  notagain  appear  within  our  district.  Though  but 
a  comparatively  short  vertical  distance  removed  from  the  Tertiary  beds 
that  compose  the  remainder  of  the  area,  the  extreme  regularity  of  dip 
shown  by  the  latter  excludes  the  probability  of  their  being  exposed  in 
any  other  than  the  quoted  regions  of  our  district. 

TEBTIABY. 

Oroups  belonging  to  this  formation  extend  over  by  far  the  greatest 
portion  of  our  district.  More  than  3,000  square  miles  are  covered  by 
them.  Resting  conformably  upon  the  beds  of  the  Laramie  Group,  they 
extend  westward  to  the  border  of  the  area  surveyed  in  one  unbroken 
mass.  In  previous  pages  the  structure  of  the  Book  Cliffs  has  been  re- 
marked upon.  Tbe  cliffs  proper  are  no  more  than  the  steep  southern 
face  of  a  high  plateau  which  has  a  gentle  slope  to  the  northward. 
Their  eastern  border  may  be  said  to  begin  where  the  slope  of  the  Grand 
Hogback  ends.  Occupying,  as  it  were,  a  neutral  position,  the  strata 
composing  this  plateau  have  been  subjected  neither  to  the  disturbances 
emanating  ft'om  the  Uinta  Group,  nor  have  those  from  the  Elk  Moan- 
tains  had  any  appreciable  effect  upon  them.  Thus  it  occurs  that  the 
strata  are  found  in  a  position  which  is  varied  from  the  normal  only  in 
so  far  as  they  have  been  subjected  to  a  rise  in  the  southern  or  a  sob- 
sidence  in  the  northern  portion.  They  cover  all  those  groups  and 
formations  that  we  have  seen  pass  under  them  west  of  the  Hogback 
Bidge. 

Two  divisions  only  of  the  Tertiary  are  found  within  the  borders  of 
our  district,  the  Wasatch  and  the  Green  Biver  Groups.  Of  these,  the 
latter  has  been  divided  into  two  subgroups  by  Powell— into  the  htcer 
and  tbe  upper,  I  am  unable  to  see  the  necessity  for  such  division,  al- 
though it  would  bo  a  welcome  one,  so  far  as  the  appearance  of  a  geo- 
logical map  of  that  section  of  country  is  concerned.  A  change  takes 
place  in  the  litbological  composition  of  the  strata,  but  I  do  not  re- 
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^rd  that  and  the  resalts  thereby  prodncecl  as  sufficieDt  groaud  for  Bub- 
division.  Besides  this,  I  have  uot  foand  any  other  feature  or  charac- 
teristic upon  which  to  base  a  separation. 

^  In  speaking  of  the  Tertiary  groups  below,  the  older  one — Wasatch — 
will  first  be  discussed,  and  then  will  follow  the  Green  River,  which  com- 
prises very  nearly  the  entire  district,  and  even  extends  beyond  its  limits 
into  the  regions  examined  by  Drs.  White  and  Peale.  Of  more  interest 
than  the  geognostic  are  the  orographic  features  of  this  area,  inasmuch 
as  they  afi'ord  an  excellent  example  of  the  enormous  influence  that  long- 
eontinued  erosion  can  produce  where  it  takes  place  under  favorable  con- 
ditions* The  general  and  even  slope  of  the  plateau  and  the  softness  of 
the  strata  form  a  combination  that  must  be  productive  of  the  most  com- 
plete results. 

Wiuatek  Chrowp. — ^Again  we  begin  with  the  region  of  the  Grand  Hog- 
back, as  affording  the  most  typical  occurrence  of  beds  belonging  to  this 
group.  A  series  of  low,  bluff-like  hills,  covered  with  cedars  aud  scat- 
tering pinons,  occurs  west  of  the  hogback  slope  in  the  vicinity  of  White 
Birer.  They  extend  northward  into  Professor  White's  district.  Sand- 
stones and  generally  light-colored  dhales  compose  them,  and  weather 
readily  into  ever-changing  forms  that  keep  fresh  the  colors  exhibited 
by  the  strata.  Continuing  in  a  southerly  direction,  they  gradually  get 
narrower,  being  encroached  upon  by  the  Green  Biver  beds  setting  in 
from  the  west.  South  of  Station  4  the  minimum  width  is  reached, 
where  the  hogback  allows  the  formation  of  but  a  narrow  valley  between 
itself  aof^  the  eastern  edge  of  the  Book  Cliff's.  These  latter  swing  around 
to  the  southwest  soon  however,  and  a  comparatively  low  area  of  triangu^ 
lar  shape  is  enclosed  between  them,  the  Grand  Biver  on  the  south,  aud 
the  southern  end  of  the  hogback.  Straita  belonging  to  the  Waeatch 
Group  form  the  bluffs  aud  low  tables  within  this  area.  Viewed  from 
Station  «5,  on  one  of  the  prominent  points  of  the  hogback,  southeast  of 
Bifle  Greek  Canon,  the  appearance  of  the  low  portion  of  country  thus 
enclosed  is  a  very  characteristic  one.  Leaning  against  the  steeply-dip- 
ping strata  of  the  Laramie  Group  are  the  Wasatch,  beds,  which  very 
rapidly  lose  their  steep  dip,  however,  and  spread  out  in  narrow  ridges, 
hogbacks,  and  tables  in  the  valley.  Upon  first  sight  the  general  ap- 
pearance strikingly  resembles  that  of  the  Puerco  marls  in  Southern 
Colorado.*  Variegated  sandy  and  marly  shales,  int>er8tratified  with 
sandstones,  fonu  the  hills.  Colors  varying  from  white  to  grey,  yellowish, 
greenish,  pink,  red,  brown,  and  purple,  aud  exhibiting  many  shades, 
tend  to  enliven  the  monotony  of  the  otherwise  dreary  scenery  at  that 
locality.  Piiions  and  cedars  cover  the  hills,  representing  the  only  greeu 
vegetation  that  can  flourish  in  the  poorly  -watered  spot.  A  general  dip 
off  from  the  hogback,  i.  e.  toward  the  southwest,  veers  more  to  the  west 
as  we  approach  the  edge  of  the  Book  Cliffs,  and  as  the  Wasatch  strata 
dip  under  tbem,  they  acquire  the  gentle  northerly  dip  that  is  prevalent 
among  the  Green  Biver  beds.  All  along  the  base  of  the  cliffs,  so  far  as 
witbin  our  district,  the  variegated  beds  may  be  traced ;  they  cover  but 
ft  very  small  area,  and  most  frequently  appear  only  in  the  lower  portion 
of  tbe  precipitous  face  shown  by  the  cliffs.  Dr.  Peale  has  found  Lara- 
mie occurring  there  also.  I  did  not  observe  this  latter  group  within  my 
Area,  although  it  is  possible  that  it  may  exist  some  distance  down  the 
Grand,  and  there  be  obscured  either  by  the  drift  or  by  the  Wasatch  beds. 
Laramie  no  doubt  dips  under,  together  with  the  Wasatch,  but  does  uot 
appear  clearly. 

•Comp.  Eep.  U.  S.  Geol.  Surv.,  1875,  p.  189. 
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For  a  considerable  distance  along  White  River,  Wasatch  beds  crop 
ont  on  the  south  side,  being  a  contin nation  of  the  more  extensive  devel- 
opment farther  north  in  Dr.^White's  district.  Although  comparatively 
subordinate  in  their  occurrence,  they  are  represented  sufficiently  to  influ- 
ence the  general  appearance  of  the  southern  banks  of  the  river.  Erom 
there  they  extend  upward  into  the  valleys  of  a  number  of  the  White's 
tributaries,  but  are  soon  covered  by  Green  Biver  beds  on  account  of 
their  dip.  Wherever  they  do  reach  over  into  my  district  their  presence 
is  due  to  some  stratigraphical  disturbance,  the  main  portion  of  which  is 
north  of  the  river.  At  times  these  disturbances  have  been  productive 
of  very  decided  changes  in  the  orographical  features  of  the  region, 
greatly  confusing  the  regular  system  of  subordinate  ridges  and  valleys 
that  is  so  admirably  developed  farther  south.  There  the  regular  dip 
and  the  average  homogeneousness  of  the  strata  has  produced  results 
that  might  almost  be  regarded  as  schematical  in  their  regularity,  both 
of  form  and  distribution.  As  soon,  however,  as  any  disturbance  of 
this  normal  condition  occurs,  this  almost  ideal  arrangement  of  elevations 
and  depressions  at  once  disappears.  Thus,  while  the  topography  of  our 
district — one  of  minimum  disturbance — may  serve  as  a  model,  that  of 
the  one  adjoining  it  at  the  north  is  by  far  more  complicated. 

On  White  Biver,  near  Station  40,  is  another  extensive  outcrop  of  the 
Wasatch  Group.  It  is  the  highest  of  the  series  that  has  been  brought 
to  exposure  by  the  main  upheaval  occurring  in  Professor  White's  dis- 
trict. In  preceding  pages  the  occurrence  of  Colorado,  Fox  Hills,  and 
Laramie  beds,  successively,  has  been  mentioned  as  existing  at  the  same 
locality,  and  we  now  have  to  add  the  last  member  thus  disturbed  from 
its  normal  position  to  the  list.  From  a  distance  already  it  had  been 
noticed  that  the  strata  exposed  along  Douglas  Creek  differed  in  general 
appearance,  color,  and  shape  of  hills  from  those  surrounding  them. 
Upon  examination  it  was  seen  that  this  was  due  to  the  existence  of  Wa- 
satch beds  at  that  locality.  By  virtue  of  the  upheaval  which  has  thrown 
the  entire  lower  series  up,  south  of  the  river,  the 'Wasatch,  together  with 
the  others,  acquired  a  southerly  dip.  As  the  Green  Biver  strata  were 
raised  at  the  same  time,  subsequent  erosions  produced  an  exposure  of 
the  former  along  the  lowest  portions  of  the  Douglas  drainage. 

The  upheaval  itself  is  a  curious  one.  It  has  produced  an  approxi- 
mately oval  arrangement  of  hogbacks,  composed  of  Fox  Hills  beds, 
which  dip  off  from  a  definite  center  in  every  direction.  Enclosed  by  them 
is  a  nearly  level  valley  containing  Colorado  shales.  Outside  of  this  inner 
circle  of  hogbacks  are  several  others,  each  one  exhibiting  the  beds  of 
one  of  the  succeeding  higher  strata.  It  is  owing  to  this  that  we  find 
south  of  the  river  a  concentric  arrangement  of  strata  grouped  in  accord- 
ance with  their  geological  age.  Professor  White  will  treat  of  this  sab- 
ject  more  fully,  and  I  therefore  refer  to  his  report  for  information  thereon. 

Ascending  Douglas  Creek  we  find  the  exposure  of  Wasatch  beds  on 
either  side.  They  gradually  lose  their  southerly  dip,  become  horizontal, 
and  finally  dip  northward  until  they  once  more  disappear  under  the 
heavy  strata  of  the  Green  Biver  Group.  Here,  too,  in  the  bluffs  and 
the  lower  portion  of  canons,  the  variations  in  color,  as  exhibited  by  the 
strata,  can  be  observed,  although  not  so  strikingly  as  in  the  locality 
north  of  the  Grand.  More  particularly  one  stratum  can  serve  as  a  well- 
defined  and  easily-recognizable  horizon.  This  is  composed  of  a  bed  of 
sandstone,  about  160  feet  in  thickness,  of  a  brick-red  color.  It  "ban  be 
traced  from  a  distance  for  many  miles  along  the  creek,  and  serves  as  a 
landmark  for  identification.  At  other  localities,  contiguous,  however,  it 
was  also  noticed,  and  then,  too,  in  the  same  relative  position. 


BDucH.!  WASATCH   6S017P.  81 

A  section  taken  along  ibis  creek  gave  a  result  which  places  the  thick- 
ness of  the  Wasatch  Groap  of  that  region  at  aboat  1,500  ieet^  It  is  pos- 
sible that  in  this  section  some  beds  may  be  included  that  onght  prop- 
erly be  referred  to  the  Laramie;  bat  the  line  of  separation  cannot  be 
drawn  with  precision,  unless  aa  the  result  of  very  careful  detail  studies. 
Taking  the  group  as  I  had  determined  its  vertical  extent  in  the  field, 
we  find  the  following  result  (a  being  the  highest  stratum) : 

(a)  Yellow  sandstones,  middle-grained,  partly  shaly,  and  con- 
taining narrow  interstrata  of  dark  shales 180  feet. 

(h)  Dark  greyish-brown  shales,  containing  indistinct  remains 

of  plants 30  feet. 

(e)  Massive  yellow  sandstone 60  feet. 

(d)  Shales  varying  from  light  yellow  to  brownish,  sometimes 

almost  white  with  a  pink  tinge 210feet. 

(f)  Yellow  massive  sandstones 130  feeU 

if)  Grey  and  yellowish  shales,  sometimes  qaite  dark,  sandy, 

and  containing  thin  interstrata  of  sandstones 110  feet. 

{g)  Brick-red  sandstone,  weathering  readily ;   color  constant 

throughout  the  stratum 160  feet. 

{h)  Seddish  to  brown  shales 20  feet. 

(i)  Sandstones,  partly  massive,  partly  shaly,  containing  thin 

interstrata  of  shales 250  feet. 

(k)  Yellow,  grey,  and  whitish  shales  and  marls .* 100  feet. 

(l)  Heavy  beds  of  yellow  to  white  sandstones 230  feet. 

In  the  upper  members  of  the  Wasatch,  beds  of  coal  are  tband  within 
oor  district.  These  are  not  very  extensive,  however,  nor  is  the  quality 
a  particularly  fine  one.  Admixtures  of  shale  make  it  ^<  slaty,"  and  upoa 
exposure  it  readily  weathers  into  small  fragments.  On  Douglas  Creek, 
below  Station  36,  a  rather  interesting  case  was  noticed,  illustrative  of 
the  recession  and  advance  of  the  water  into  which  some  of  the  sand- 
stone beds  were  deposited.  A  sketch  there  taken,  and  reproduced  as  a 
section  (Section  U),  will  give  an  idea  of  the  appearance  as  shown  u|)ou 
the  vertical  face  of  a  bluff.  A  slight  fanlt  {a)  produces  a  Ipcal  disturb- 
ance at  the  northern  end  of  the  section.  It  is  simply  a  small  drop, 
which  is  due,  probably,  to  a  subsidence  produced  by  the  erosion  of  some 
of  the  underlying  strata  of  shales.  Alternating  sandstones  and  shales 
compose  the  lower  portion  of  the  bluff.  One  of  the  former  {b)  underlies 
a  thin  stratum  of  dark  shales  (o),  which  in  turn  are  covered  by  a  bed 
of  white  sandstone  {d)  of  varying  thickness.  Upon  this  are  deposited 
liro  strata  of  coal  (e)  separated  by  a  thin  layer  of  dark  grey,  carbon- 
aceous shales.  From  the  sooth  the  waters  again  encroached  upon  the 
land  tiFhere  the  coal  was  being  deposited,-  and  we  find  a  stratum  of 
white  sandstone,  which  gradually  thins  out  northward  and  finally  dis- 
appears entirely,  above  the  coal.  A  similar  thinning  out  of  the  upper 
beds  can  be  observed,  that  no  doubt  grow  much  thicker  farther  soutfau 
The  connection  was  broken  at  the  edge  of  the  bluff  and  the  continuation 
of  the  strata  not  visible.  Either  by  a  gradual  subsidence  of  the  then 
edstiug  land  or  by  a  rise  of  the  waters  from  the  south  this  effect  was 
produced. 

An  interesting  feature  of  erosive  action  was  observed  at  several 

?}ints  within  the  Wasatch  area.  The  famous  ^^  monuments"  of  the 
ike's  Peak  region  will  be  remembered  by  every  one,  and  <^l8o  the 
causes  that  led  and  still  lead  to  their  formation.  We  have  in  tbe  in- 
Btances  at  present  under  discussion  an  analogous  case.  .  Instead  of  sand- 
stones forming  the  base  and  column  of  the  '<  monument,^  we  here  have 

6  a 
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shales.  Noticeable  throaghoat  all  formations  composed  of  so  compres- 
sible  a  material  as  shales  and  marls  are  the  vertical  cleavage  planes. 
These  extend  through  not  ouly  the  shales,  bat  implicate  the  beds  and 
interstrara  of  sandstone  or  other  more  compact  rocks  contigaoas  thereto. 
In  consequence  of  these  already  existing  fissures,  erosion  by  water  and 
IVost  can  rapidly  accomplish  the  work  oF  isolation  from  the  main  bod> . 
Thns  we  find  in  the  region  of  Douglas  Greek  groups  of  monuments 
composed  of  shales,  with  cuppings  of  sandstones.  After  the  columnar 
body  has  been  separated  from  the  main  mass,  erosion  by  sand  and  other 
agents  has  full  sway,  and  will  determine  the  detail  features  of  the  in- 
dividual monument.  Although  more  rapidly  formed,  perhaps,  than  tbe 
monuments  of  the  Garden  of  the  Oods,  these  also  have  a  shorter  exist- 
ence. Atmospheric  influences  will  soon  succeed  in  crumbling  down  the 
frail  support,  and  the  protecting  sandstone  will  no  longer  be  sustained. 

With  this,  the  occurrence  of  Wasatch  beds  in  my  district  is  exhausted. 
It  is,  as  that  of  the  preceding  ones,  but  limited.  In  a  great  measnre 
this  is  owing  to  the  regularity  of  the  stratigraphical  conditions.  Ab- 
sence of  widely-spread  erosion  from  the  surface  downward  causes  the 
Wasatch  to  remain  hidden  from  sight. 

Oreen  River  Chroup. — Perhaps  the  best  exposure  of  this  group  within 
the  limits  of  our  district  may  be  found  on  the  steep  face  presented  by 
the  Book  Cliffs  just  north  of  the  Grand  Biver.    From  the  crest  of  tbe 
cliffs  to  the  precipitous  edge  facing  toward  the  Orand  the  fall  of  tbe 
summit  is  about  500  feet,  but  there  it  reaches  nearly  3,000  feet  within  a 
horizontal  distance  of  less  than  two  miles.  .  On  this  face  the  best  sec- 
tion of  the  members  composing  the  group  may  be  seen.    Begardiiifi^ 
the  eastern  half  of  the  Green  Kiver  area  from  a  topographical  statftT 
point,  we  observe  a  quite  curious  case.    The   sec^tiou  lying  b<?fween 
White  River  and  the  Orand  is  essentially  a  plateau,  ascend^g  gently 
toward  the  south.    For  about  twenty -five  miles  the  rise  seDth  of  White 
Biver  is  a  regular,  gentle  one.  Streams,  belonging  to  tftePi  ce-ance  drain- 
age cut  through  the  soft-yielding  shales,  leaving  uniform  ridges  be- 
tween them.    At  that  distance,  2,800  feet  above  White  River,  the  divide 
between  this   and  the  Grand  is   reached.    Although  no   perceptible 
change  takes  place  in  the  stratigraphical  arrangement  of  the  strata,  we 
find  that  suddenly  the  waters  flow  in  an  opi>osite  direction  into  the 
Grand.    They  flow  in  deep,  narrow  cafions,  that  are  almost  inaccessible. 
As  they  continue  their  southward  course,  the  walls  of  the  canons  be- 
come higher  and  higher.    More  correctly  speaking,  the  tops  of  the  en- 
closing walls  retain  very  nearly  the  same  level,  while  the  stream-bed  is 
worn  deeper  into  the  strata  over  which  it  flows.    The  southern  edge  of 
the  northward-sloping  plateau  reaches  to  within  three  miles  of  the 
Grand.    Where  the  tributaries  of  that  stream  leave  their  cailons,  the 
latter  have  walls  3,000  feet  in  height,  while  the  plateau  edge  is  but  400 
feet  lower  than  the  divide  between  the  two  rivers.    We  have,  therefore, 
in  this  instance,  one  of  those  peculiar  cases  which  could  be  explained 
by  the  same  assumption  that  Professor  Powell  clainis  for  so  many  of 
bis  observations  in  the  region  of  the  Colorado  Biver.    This  explana- 
tion asserts  that  during  the  period  in  which  flowing  water  followed  ap- 
proximately the  same  courses  as  to-day,  the  southern  edge  of  this  pla- 
teau would  have  been  elevated ;  that  the  erosive  power  of  the  water 
was  more  than  adequate  to  the  rapidity  of  the  elevation,  and  that,  in 
consequence,  the  water  maintained  its  own  former  level,  while  the  caHon 
walls  grew  higher  and  higher.    No  doubt  this  view  is  a  very  ingena- 
ous  one,  and,  if  applicable  anywhere,  it  would  seem  that  here  in  these 
soft  shales  there  was  an  excellent  opportunity  for  its  consummatioD. 
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I  am  opposed,  however,  for  many  reasons,  to  an  explanation  that  would, 
if  correct,  necessarily  be  corroborated  by  other  facts,  the  existence  of 
which  we  nowhere  observe.  I  have  not  had  an  opportunity  to  study 
the  localities  which  Professor  Powell  has  examined.  It  is  therefore  not 
my  place  to  enter  into  any  discussion  upon  a  question  of  which  I  am 
persooally  acquainted  with  but  one  side. 

Proceedinp^  westward  from  this  area  we  reach  the  divide  between  Pte- 
ce^nce  and  Douglas  Creeks.  Upon  this  a  number  of  stations  are  located, 
some  of  them  being  the  most  prominent  within  the  district.  On  the 
east  side  of  this  divide  the  narrow  ridges,  separated  by  steep  caQons, 
gently  slope  toward  Pte-ce<ance.  Within  a  horizontal  distance  of  twenty 
miles  these  ridges  fall  approximately  1,800  feet,  retaining  a  very  even 
angle  of  slope,  however.  West  of  the  divide  the  slope  is  decidedly  pre- 
dpitoas,  forming  nearly  vertical  walls  from  1,200  to  2,200  feet  in  height. 
On  the  top  of  the  divide  we  find  that  the  elevation  is  quite  pniform. 
Station  11  is  9,035  feet  above  sea-level,  while  Station  18,  seventeen  miles 
farther  north,  is  8,704  feet  high.  Continuing  along  this  dividing  ridge  we 
approach  White  Eiver,  and  there  find  that  it  breaks  up  into  a  series  of 
radiating  ridges  which  lead  down  to  the  stream.  In  the  valley  of  Dong- 
las  Creek  we  find  Wasatch  beds,  but  ascending  to  the  divide  west  of  it 
are  soon  within  the  Green  Biver  area  again.  From  the  crest  of  the  Book 
Clifl&  northward  we  pass  over  the  lower  portion  belonging  to  this  group, 
until,  within  about  fifteen  miles  of  White  Biver,  we  meet  with  the  up- 
per sandstones.  Here  the  general  configuration  of  the  country  becomes 
more  varied.  The  ridges  are  no  longer  so  regular  both  in  shape  and 
distribution,  and  the  caSions  do  not  show  the  same  uniform  features  as 
&rther  east.  Erosion  and  atmospheric  agents  violently  attack  the 
Bandstone,  and  it  soon  yields  to  the  combined  influence,  producing  very 
QDiqoe  orographic  details.  Lithologically  the  samdstones  can  readily 
be  distinguished  from  the  older  shaly  beds  of  the  same  group,  but  a 
classittcatory  separation  of  the  two  seems  at  present  certainly  ill  ad- 
vised. 

Stratigraphically  the  Green  Biver  Group  in  our  district  is  remarka* 
biy  simple.  Its  strata  partake  to  a  slight  extent  of  the  flexures  extend- 
ing southward  from  the  northern  more  disturbed  district,  but  their 
effect  is  soon  lost,  and  the  former  resume  their  normal  position.  As 
soch,  a  slight  dip,  varying  from  1^  to  6^  a  little  west  of  north  may  be 
Tegarded.  It  is  noticeable  wherever  the  strata  are  exposed,  and  only 
Blight  variations  of  the  angle  were  observed.  The  most  prominent  of 
these  was  found  south  of  the  Station-40  Group,  where  the  dii)  first  dimin- 
ished to  2sero,  and  as  we  neared  White  Biver  became  a  southeasterly, 
And  farther  west  a  southwesterly  one.  Both  upper  and  lower  groups 
are  perfectly  conformable  in  this. 

Geognoatically  and  lithologically  speaking,  we  can  distinguish  the 
two  groups  of  Powell  very  readily.  While  the  eastern  two-thirds  of 
the  Green  Biver  area  are  composed  entirely  of  the  shales,  the  western 
third  contains  the  younger  sandstones.  These  shales  generally  show 
very  light  shades  of  color  upon  exposure,  which  alternate  with  narrow, 
dark  bands,  thus  producing  a  laminated  appearance  of  the  steep  blufEs 
on  the  faces  of  which  they  are  visible.  Grey,  yellowish,  and  white  col- 
ors predominate.  {Subordinate  beds  of  sandstone  occur,  distributed 
throughout  the  shales,  but  are  then  so  highly  argillaceous,  that  they 
produce  no  difference  in  the  general  fades.  Darker  bands  are  usu- 
ally composed  of  harder  shales.  All  of  them  weather,  eventually, 
into  thin,  chip*like  fragments,  coated  with  a  mealy  clay,  the  result  of  de- 
composition.   When  freshly  broken,  the  lamination  is  noticed  to  be  very 
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flDely  Babdivided ;  a  fact  which  gives  the  rocks  a  pleasing  appearance. 
Erosion  produces  some  exceedingly  picturesque  effects.  Frequently  one 
may  ride  in  a  narrow  canon,  the  walls  of  which  are  composed  of  these 
hard  shales  and  are  1,000  feet  high.  Erosion  has  affected  these  walls 
in  such  a  manner  that  the  suspicion  of  having  been  utilized  as  models 
for  architectural  ornamentation  is  almost  involuntary.  Beautiful  carv- 
ing, dependent  upon  the  superior  hardness  of  certain  strata,  has  resulted 
in  the  production  of  ornamented  chancels  and  long-continued  benches, 
which  stud  the  vertical  enclosing  clifGs.  Long  excavations  have  been 
worn  into  the  Sides  of  the  walls  by  the  action  of  flowing  water,  and  not 
unfrequently  can  the  traveller  ride  in  shady  coolness  for  some  distance 
under  a  protecting  natural  awning.  On  the  summits  of  ridges  and 
hills,  from  where  the  slopes  fall  off  very  steeply  or  are  vertical,  the  pe- 
culiar effect  of  atmospheric  erosion  can  be  studied.  Prominent  points, 
the  edges  of  bluffs,  or  precipitous  walls  show  gracefully -executed  carving. 

It  can  be  compared  with  the  tufaceous  deposits  near  some  mineral 
springs.  The  soft  thin  laminss  have  been  worn  away,  grooves  de- 
note their  places,  while  the  innumerable  harder  ones  project  like  seat* 
tered  leaves  of  a  book  from  the  wall.  All  of  the  forms  observed  are 
rounded,  so  that  the  total  effect  produced  is  that  of  a  deposit  formed  by 
overflowing  springs.  Oxydation  of  a  slight  x>eroentage  of  iron  pro- 
duces changes  of  color  varying  from  the  palest  yellow  to  pink,  pale 
orange,  and  a  light  brown,  while  the  remaining  strata  and  laminsB  are 
white  and  grey.  Looking  at  such  a  wall  from  a  distance,  all  these  minor 
details  are,  of  course,  lost,  and  only  the  main  features  will  be  recog- 
nized. This  character  is  especially  applicable  to  the  highest  members 
of  the  shale  series.  Although  it  certainly  exists  in  the  lower  portion, 
it  is  not  so  prominent,  owing  to  the  occasional  admixture  and  intersper- 
sion  of  arenaceous  strata.  One  of  the  best  localities  within  the  district 
for  the  study  of  these  features  is  along  the  steep  western  edge  of  the 
dividing  ridge  between  the  Pi-ce-ance  and  Douglas  Greeks.  In  the 
lower  caiion  of  Evacuation  Greek  the  higher  members  of  the  shales 
reach  down  to  the  level  of  the  stream,  and  there  exhibit  in  the  most 
beautiful  manner  the  effects  of  erosion  as  produced  by  flowing  water. 

Near  the  base  of  these  shales  we  frequently  And  heavy  beds  of  sand- 
stone, separated  from  each  other  by  interstrata  of  shale.  The  former 
are  generally  white  or  light  yellow,  while  the  latter  are  of  a  yellow  to 
yellow-brown  color.  So  far  as  I  could  observe,  the  sandstones  grow 
thicker  as  we  proceed  westward;  it  may  be,  however,  that  at  the 
points  of  my  observation  we  had  merely  a  local  thickening  of  the  bed& 

A  large  portion  of  the  springs  issuing  from  the  shales  are  alkaline, 
and  almost  all  the  water  which  flows  over  them,  for  even  a  short  dis- 
tance, partakes  of  the  same  character.  This  is  due  to  decomposition  of 
the  constituents  of  both  shales  and  marls  (the  latter  in  the  lower  por- 
tion), which  form  new  compounds,  soluble  in  water.  Numerous  ^^alkali- 
flats"  were  observed,  where  carbonates  of  soda  and  potash  colored  the 
surface  as  freshly-fallen  snow  would.  Our  examinations  were  made 
there  during  the  driest  season  of  the  year,  the  most  favorable  to  evapo- 
ration, and,  therefore,  concentration  of  the  alkalies  in  solution.  Several 
springs  were  found  emitting  carbonic-acid  gas  and  sulphuretted  hydro- 
gen. They  contained  ferric  compounds  and  a  very  liberal  supply  of 
alkali  in  solution.  All  of  them  were  cold.  This  feature — ^alkali-water— 
is  certainly  a  drawback  to  many  otherwise  pleasant  regions. 

As  a  total  thickness  for  these  shales^  including  their  lower,  arenaceoas 
members,  about  2,400  feet  may  be  given.  This  was  obtained  mainly 
from  the  southern  bold  escarpment  of  the  plateau,  and  corroborated  by 
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obeenration  made  tbroaghoat  the  entire  group.  For  the  upper  lami  nated 
shales  we  may  claim  of  this  total  thickness  1,000  to  1,200  feet,  an  esti- 
mate which  is  sabject  to  some  local  variations. 

Above  the  shales  follows  a  series  of  sandstone  beds,  the  existence  of  which 
can  be  recognized  fi:om  a  long  distance  by  the  peculiar  shape  which  the 
bills  and  monntains  they  compose  exhibit.  We  first  met  with  it  on  White 
Siver,  about  four  miles  below  the  junction  of  Evacuvation  Creek.  In 
color  it  differs  very  decidedly  from  the  underlying  beds,  being  yellow 
and  brown  with  thin  interstrata  of  dark  shales.  At  the  locality  where 
we  first  reached  it,  it  forms  the  cafion  of  White  River.  High  walls  en- 
close on  either  side  the  narrow  valley  through  which  the  river  winds  its 
way.  ErowoQ  attacks  the  sandstones  very  rapidly,  and  produces  some 
of  the  most  singularly  picturesque  forms.  Vertical  cleavages,  running 
through  the  sandstones,  aid  the  destructive  power  of  water  and  help  to 
form  Uie  vertical  walls  and  bluflfs  that  enclose  the  valley  on  either  side. 

This  latter  is  densely  covered  with  a  thick  growth  of  willows  and  other 
brush.  Marehingthrough  the  valley  is  greatly  impeded  thereby.  Added 
to  the  difficulties  offered  by  the  density  of  the  brush  is  the  circumstance 
that  avalanchial  drift  along  the  bases  of  the  canon  walls  forms  almost 
impassable  barriers.  The  canon  continues,  locally  widening  a  little  at 
Bone  plaoes,  for  about  twenty-five  miles  down  the  river,  to  the  entrance 
of  Two  Water  Greek,  where  it  opens  a  httle  more.  But  one  creek  of 
any  size,  Asphalt  Wash,  dry  at  the  time  of  our  visit,  enters  the  river 
from  the  south.  On  either  side  of  the  caiion,  the  walls  of  which  are 
1,000  to  1,200  feet  in  height,  the  sandstones  have  been  productive  of 
many  fantastic  groups,  dueto  erosion  and  general  weathering.  Thanks  to 
the  vertical  cleavages  they  show,  large  portions  have  often  been  carried 
away,  leaving,  perhaps,  but  a  single  monument  on  the  summit  of  a  low 
hill  or  the  brow  of  a  narrow  ridge.  These  out-posts,  the  forerunners  of 
extensive  areas,  have  a  height  varying  from  50  to  300  feet,  and  have 
assumed  shapes  that  a  lively  imagination  can  often  compare  with  well- 
known  models  of  antique  statuary.  The  most  frequent  form  exhibited, 
perhaps,  is  one  closely  imitating  ruins  of  some  ancient  building  or  city. 
Seen  by  the  slanting  rays  of  a  setting  sun  the  hills  seem  fortified  each 
by  a  castle  of  enormous  dimensions  that  throws  a  long-drawn  shadow 
to  the  eastward.  Turrets  and  battlements  are  supplied  by  the  skilful 
hand  of  nature,  that  teach  by  their  form  the  source  whence  human  in- 
genoity  copied  them.  Cathedrals  and  spires  rise  for  several  hundreds 
of  feet  above  their  gently  sloping  surroundings,  monuments  erected  to 
the  enormous  mass  of  strata.that  have  fallen  beneath  the  active  work 
of  time.  Many  isolated  groups  the  traveller  cannot  avoid  comparing 
with  domestic  scenes,  so  natural  is  the  pose  and  distribution  of  their 
XDembers.  One  in  particular,  within  the  White  Biver  Valley,  near 
Asphalt  Wash,  showed  so  affectionate  a  family  picture,  that  we  named 
it  the  ^^  Happy  Family."  It  is  illustrated  by  the  annexed  cut  and  repre- 
sented by  three  isolated  columns  of  sandstone,  the  largest  of  which  is 
M  feet  high.  It  is  left  to  the  imagination  of  the  reader  to  discover  the 
sentiment  that  prompted  a  party  of  explorers  to  bestow  so  unscientific  a 
name  upon  a  group  belonging  to  the  Upper  Green  River  series. 

At  Two  Water  Creek  we  have  arrived  nearly  at  the  western  border  of 
oor  district.  We  traveled  up  the  valley  of  this  stream  leaving,  for 
some  time,  the  White.  On  this  river,  above  the  junction  of  Two- Water, 
we  first  found  indications  of  asphalt.  (Tpon  examination  it  (vas  discov- 
ered that  this  mineral  occurre<l  in  vertical  or  approximately  vertical 
veins  in  the  yellow  sandstones  and  shales  of  the  Upper  Green  Eiver 
beds.    The  veins  vary  in  width  from  a  quarter  of  au  inch  to  several 
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feet.  At  that  locality  uo  springs  were  fonnd,  bat  the  asphalt  was  hard, 
brittle,  had  its  characteristic  fracture,  and  upou  sabseqaeut  chemical 
examiuatioQ  proved  to  be  very  pure.  Springs  of  this  mineral  were  dis- 
covered by  Mr.  Chittenden  near  the  head  of  Sweetwater  Creek,  where 
the  asphalt  slowly  oozed  out  of  the  sandstones  similar  to  petroleum  in 
certain  regions.  This,  besides  a  few  beds  of  limonite,  was  the  only 
deposit  of  economic  value  discovered  daring  the  season. 

A  close  estimate  assigns  to  the  apper  sandstones  a  thickness  of  1,100 
to  1,200  feet.  They  are  very  uniform  in  their  lithological  character,  aud 
show  but  slight  local  distarbances.  South  of  the  White  they  reach  up 
to  the  highest  points,  forming  the  summits  of  peaks  and  the  crests  of 
ridges.  As  we  approach  toward  the  divide  between  the  White  and 
Grand  we  gradually  pass  upward  through  the  series  until  about  20  miles 
south  of  the  river  we  once  more  reach  the  light-colored  shales.  These 
continue  eastward  along  the  entire  divide,  and  here  as  there  show  a  sur- 
prising constancy  of  dip  as  well  as  of  lithological  character.  Although 
125  miles  distant  from  the  most  easterly  exposure,  where  they  were  first 
met  with,  they  in  no  way  show  any  appreciable  change  in  general  char- 
acteristics. 

Throughout  the  district,  the  Green  Biver  Group  has  been  a  very  un- 
satisfactory one,  palsBontologically  considered.  The  few  fossils  that 
were  found  were  plants  and  very  poorly  preserved.  Silicified  wood  was 
more  abundant  than  any  other  petrifaction,  but  of  no  chronological 
service.  With  fossils,  the  region  would  certainly  have  been  one  of  very 
great  interest,  although  the  stratigraphical  relations  are  very  simple,  but 
without  fossils,  without  any  structural  features  inviting  study,  and  with 
the  ever-repeated  occurrence  of  the  same  formations  and  groups,  that 
extensive  Green  Biver  area  afforded  but  poor  results  in  return  for  the 
work  of  a  geologist  It  is  essential,  of  coarse,  that  its  existence  and 
character  in  every  respect  should  be  determined,  as  it  forms  but  a  link 
to  the  great  chain  which  is  gradually  being  completed.  Thanks  to  cor- 
relation with  other  determined  horizons  and  typical  lithological  charac- 
ter, the  Green  Biver  Group  is  readily  recognized  wherever  met  with,  so 
that  the  weight  of  uncertainty  is  not  added  to  the  disappointment 
palseontologically. 

With  this  group  we  close  the  Tertiary  formation  of  our  district,  as 
none  of  its  higher  members  are  developed  within  its  borders.  Neither 
are  volcanic  rocks  occurring  there,  so  that  there  remains  for  considera- 
tion nothing  but  the  recent  deposits. 

ANCIENT  GLACIBBS. 

On  the  White  Biver  drainage  I  have  observed  no  evidence  pointing 
to  the  former  existence  of  glaciers.  The  numerous  canons  that  we  find 
cut  through  the  soft  shales,  marls,  and  sandstones,  are  formed  so  regu- 
larly and  agree  so  thoroughly  with  the  pronounced  stratigraphical  con- 
ditions, that  we  can  scarcely  admit  of  any  other  agency  having  shaped 
them  than  water.  Ascending  any  one  of  them  toward  the  main  divide, 
we  find  that  its  upward  slope  is  very  even,  its  valley  widening  wherever 
other  creeks  or  streams  enter,  and  its  entire  character  in  conformity 
with  the  view  regarding  it  as  the  result  of  the  action  of  floWing  water. 
Primary  conditions  indicated  partly  by  ^he  present  stratigraphical  sys- 
tem, have  shaped  the  courses  of  the  streams,  but  beyond  that  the  results 
we  observe  are  mainly  those  produced  by  flowing  water,  together  with 
the  never  wanting  atmospheric  influences. 

In  speaking  of  the  Green  Biver  Group,  mention  has  been  made  of  the 
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corioas  bydrological  conditions  we  observe  after  crossing  tbe  divide 
between  tbe  Wbite  and  tbe  Grand.  It  has  been  stated  tbnt  even  be- 
yond tbe  divide  for  a  considerable  distance  tbe  plateaa  continaed  as 
saeh,  sloping  only  very  little  towitrd  tbe  Grand.  In  tbe  same  distance 
that  the  plateaa  falls  aboat  400  feet  tbe  streams  catting  throagb  it  in 
that  region  accomplish  a  fall  of  more  than  2,000  feet.  Had  the  eleva- 
tion of  the  former  been  the  same  as  now,  at  the  time  wben  the  soatberly- 
flowing  drainage  was  formed,  this  woold  not  have  followed  the  general 
coarse  it  now  does,  bat  woald  have  trended  off  to  the  east  and  west- 
waid.  If  we  wish  to  assume,  therefore,  that  we  still  have  tbe  original 
ooarses,  or  an  approximation  thereof,  we  mast  grant  to  the  soathern 
extension  of  the  plateaa  a  considerable  dip  in  that  direction.  In  case, 
then,  that  edge  bad  risen,  and  tbe  streams  bad  cat  throagb  each  sac* 
oeesive  stratum  as  it  rose,  we  woald  most  likely  find  traces  of  perhaps 
even  only  slight  changes  in  the  direction  of  the  flowing  water.  This 
we  do  not.  It  is  diflicalt  to  imagine  how  any  stream  that  is  capable  of 
eattiog  down  one  stratum  after  tbe  other  in  succession,  as  that  stratam 
attempts  a  blockage  of  its  dowaward  course,  shoald  not,  in  a  thickness 
of  nearly  3,000  feet  of  beds,  meet  one  that  it  cannot  treat  in  the  same 
manner.  Tbe  elevation,  probably,  was  an  exceedingly  slow  one,* lasting 
daring  a  long  period  of  time,  but  tbe  ''  accidents"  to  which  the  streams 
woald  be  subject  under  such  circnmstances  seem  to  me  so  uumeroas, 
and  even  formidable,  that  tbe  absence  of  any  trace  thereof  is,  to  me, 
evidence  against  this  explanation.  All  the  caiions  at  present  under 
diflcassion  are  exceedingly  narrow,  and  they,  as  well  as  their  smallest 
branches,  show  very  steep,  precipitous  sides.  From  tbe  characteristic 
detail  forms,  and  from  tbe  general  character  as  well,  I  have  come  to  the 
coDclasion  that  they  owe  their  present  form,  in  part,  to  glacial  action.*  No 
doabt  the  depressions  had  been  indicated,  probably  even  partly  existed, 
before  the  moving  ice  could  shape  them  as  we  now  find  them.  It  is 
evident  that  in  the  soft,  readily  decomposing  material  of  which  the  strata 
consist,  no  direct  evidences  of  glaciers  could  have  been  transmitted 
fcnr  any  length  of  time.  Altbongb  it  is  not  to  be  asserted  tbat  by  glacial 
action  alone  the  deep  gorges  were  carved  oat,  I  regard  it  as  a  safe  con- 
elasion  to  assume  that  in  the  soft  beds  of  that  formatioa  moving  ice 
woold  have  had  more  direct  eroding  power  than  can  usually  be  ac- 
corded to  it.  The  minor  details  and  the  formation  of  accessory  cations 
and  ravines  may  be  due  entirely  to  the  action  of  water,  bat  I  am  of  the 
opinion  that  its  work  was  greatly  facilitated  by  that  already  performed 
by  glaciera 

In  these  cafions  tbe  only  localities  where  glaciers  may  have  existed  in 
oar  district  are  exbaasted.  The  entire  region  is  neither  high  enough  oor 
were  the  conditions  of  atmospheric  precipitation  sufliciently  favorable  in 
that  region  for  tbe  formation  and  perpetuation  of  glaciers. 

It  is  a  noticeable  fact  that  at  the  present  time  the  Grand  Biver  drain- 

S:e  within  our  district  is  more  abundantly  snpplied  with  water  thau 
at  of  White  Eiver.  This,  no  doabt,  is  due  to  tbe  more  rapid  fall  of 
the  streams.  Incident  thereto  is  the  smaller  loss  by  evaporation  and 
tbe  gradnal  infiltration  into  beds  cotnposing  the  sides  and  bottom  of  a 
stream.  While  we  not  uufreqaently  bad  difficulty  in  finding  water  on 
the  White  Biver  side  of  tbe  Book  Cliffs,  tbe  Grand  Biver  slope  was  well 
Bapplied.  This  in  itself  woald  argue  in  favor  of  tbe  assumption  of  gla* 
ciers  there  daring  former  periods. 

ANCIENT  LAKES. 

It  seems  scarcely  appropriate  to  ase  tbe  term  above  given  for  former 
lakes  within  our  district,  as  tbe  impression  might  bo  conveyed  that  they 
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were  in  intimate  coDneotion  with  the  glaciers.  By  the  term,  I  merely 
wish  to  designate  sach  localities  that  now  are  perfectly  or  nearly  dry, 
while  in  former  times  t'hey  contained  more  or  less  extensive  bodies  ofT 
water.  On  tbe  maps  heretofore  pablisbed  of  that  section  of  country  th« 
region  is  generally  described  as  an  ^*  elevated  plateau  with  fresh-water 
lakes  and  timber."  This  view  argues  against  the  recent  dates  usually 
given  on  tbe  maps,  for  no  lakes  have  existed  there  for  a  long  time, 
geologically  speaking. 

On  the  higher  portions  of  the  plateau  none  were  noticed  as  having^ 
formerly  existed.  In  a  nnmber  of  the  stream  ^valleys,  however,  there  i« 
proof  that  at  one  time  quite  considerable  areas  were  covered  with  water 
that  to-day  show  nothing  but'  drift  and  soil.  Near  the  junction  of  the 
two  main  branches  of  the  Pi-ce-ance  there  was  formerly  a  lake  of  about 
two  to  three  miles  in  length,  tilling  the  level  portion  of  the  valley* 
Smaller  ones  were  located  farther  down  stream,  and  are  indicated  now 
by  the  existence  of  **  alkali-flats."  On  Douglas's  Greek,  within  the  area 
covered  by  tbe  Wasatch  Oroup,  a  few  small  lakes  were  along  the  pres- 
ent course  of  the  stream.  West  of  it,  on  Evacuation  Creek,  atout  fitlteen 
miles  south  of  White  Biver,' there  are  beds  deposited  into  a  lake  of 
about  four  miles  in  length  and  a  mile  in  width,  while  lower  down  simi- 
lar places  are  found.  At  the  junction  of  Bitterwater  and  Sweetwater 
Greeks  another  lake  originally  existed,  but  has  long  since  dwindled 
down  to  a  shallow,  highly  alkaline  pond. 

Tbe  existence  of  these  former  lakes  is  indicated  by  several  features 
of  unmistakable  character.  Sometimes  (Pi-ceance)  low  benches  are 
formed  along  the  bases  of  the  bluffs  inclosing  the  valley.  Generally 
they  are  removed,  however,  being  composed  of  very  light  material.  An 
exceedingly  even  distribution  of  fine  sand  and  silt  over  a  level  place, 
which  is  surrounded,  perhaps,  on  all  sides  by  abrupt  bluffs,  furnishes 
another  indication.  Not  unfrequently  will  it  be  found  that  in  snefa  an 
Instance  the  exit  of  the  stream  from  the  valley  takes  place  through  a 
very  narrow  opening  in  the  rocks  oom|)osing  the  adjoining  hills. 
Swamps,  in  perfectly  level  places,  where  often  the  stream  itself  ceases 
to  be  definable  as  such,  and  small  ponds,  sometimes  remain  to  mark  the 
spot  where  at  one  time  water  existed  in  greater  abundance.  Alkali, 
deposited  by  evaporating  water,  which  accumulates  in  these  places 
during  the  wet  season,  occurs  regularly  at  all  favorable  localities. 

It  seems  possible  that  most  of  the  lakes  were  formed  merely  by  an 
accidental  stoppage  of  the  river,  either  through  an  accumulation  of 
drift-material  or  a  blocking  of  some  narrow  passage.  They  probably  re- 
mained for  a  considerable  period  of  time,  which  is  shown  by  the  enor- 
mous amount  of  silt  and  sand  that  has  been  deposited  at  those  locali- 
ties, and  by  the  perfect  levellinir  of  the  niveau  they  once  occupied.  As 
a  cause  tor  their  disappearance  I  regard  the  gradual  raising  of  the  lake- 
bed  by  the  constant  transportation  of  sand  and  silt  into  the  still  water. 
Thus,  of  course,  the  level  of  the  water  was  raised,  the  borieontal  ^• 
tent  of  the  lake  became  greater,  while  its  depth  diminished,  until  at 
last  the  sheet  of  water  disappeared  entirely,  either  by  flowing  off  or  by 
evaporation.  Though  occurring  quite  frequently,  the  former  lakes  have 
water  now  at  but  few  places.  These  spots  are  chosen  as  favorite  resorts 
by  wild  water-fowl,  and  hunting  them  there  is  frequently  accompanied 
by  great  success. 

.DBIFT. 

That  species  of  drift  which  has  been  designated  as  ^'  avalanchial"  is 
found  mainly  in  White  Biver  Canon.  We  have,  in  our  district|  no 
mountains  of  any  great  height,  or  occurring  in  isolated  groups^  wh^ce 
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ddfis  from  the  slopes  could  accamalate  and  form  drift.  In  the  cauon 
above  named,  however,  erosion  and  weathering  has  loosened  many 
bowlders  and  fragments  on  the  f«2ces  of  the  walls,  and  tbey  have  fallen 
down,  forming  a  sort  of  tains  at  the  bases  of  the  cliffs.  Goutinning  dis- 
integratiou  would  soon  reduce  them  to  sand  and  silt,  and  their  removal 
would  follow  were  it  not  for  the  fact  that  constantly  reinforcements  ar* 
rivelGrom  the  same  source,  which  enable  the  talus  to  retltin  its  character 
of  avalanchial  drift.  A.long  the  bases  of  high  Green  Biver  cliffs  a 
sifflilar  drift  may  be  observed,  bat  its  rapid  weathering  soon  destroys  it 
altogether. 

Biver-drifts,  consisting  of  the  water-worn  bowlders,  and  sand-bars, 
we  have  both  in  the  Grand  and  in  the  White.  While  the  latter  more  fre- 
qoeotly  contains  smaller  pebbles  and  much  sand  (so  far  as  flowing  in 
the  western  portion  of  the  district  is  concerned),  the  Grand  carries  large 
Iwwlders.  Of  the  White  the  same  can  be  said  for  the  vicinity  of  the 
agency.  When  it  reaches  that  point,  it  has  just  i)assed  through  meta- 
morphic,  palseozoie,  and  partly  mesozoic  rocks,  and  carries  with  it  the 
proofs  of  its  course.  In  some  of  the  broader  valleys  bordering  on  the 
White,  we  And  that  this  drift  has  been  more  or  less  distributed.  This  is 
doe  to  the  river's  gradually  shifting  parallel  to  its  own  course.  The  drift 
carried  and  deposited  by  the  streams  flowing  both  into  White  and 
Orand  partakes  greatly  of  the  character  of  alluvial  soil.  It  is  mainly 
a  fine-grained  soil,  containing  more  or  less  sand,  either  uniformly  dis- 
thbat^  or  in  single  layers  and  banks.  In  the  valleys  of  the  White 
fiiver  drainage  the  accumulation  of  this  material  is  simply  enormous. 
It  traverses  the  valleys  from  one  side  to  the  other,  and  is  sometimes  40 
to  60  feet  in  thickness.  Deep  gullies  are  cut  into  it  by  every  stream 
coming  from  either  side,  a  fact  which  makes  travelling  very  slow.  Wher- 
ever Indian  trails  are  found  tbey  lead  over  more  easily -crossed  ravines. 
The  Indians  have  recognized  the  dif&culty  of  travelling  over  so  broken 
a  country  also,  and  their  trails,  therefore,  are  found  on  ridges  dud  on  the 
OB  the  divides  between  main  streams. 

It  is  owing  mainly  to  the  lithological  character  of  the  surrounding 
rocks  that  the  drift  is  formed  in  such  enormous  masses.  All  of  them 
disintegrate  quite  readily,  and  because  of  their  ^*  tough  "  character  do 
not  so  soon  lose  the  argillaceous  portions,  otherwise  we  would  find  but 
accnmulations  of  sand,  ttondstones,  shales,  and  marls,  all  of  these  are 
rapidly  eroded,  rapidly  yield  to  atmospheric  influences,  and  are  easily 
transported.  During  the  rainy  season  the  creeks  and  streams,  that  later 
are  perfectly  dry,  carry  large  quantities  of  water,  and  carry  with  them 
tons  of  the  drift<material.  This  is  deposited  in  part  as  soon  as  the  rapid- 
ity of  the  flowing  stream  is  diminished,  and  in  the  course  of  time  forms 
the  enormous  banks  that  we  observed  along  the  streams.  Even  in  the 
dry  aeas(m  the  White  is  constantly  muddy,  owing  to  the  character  of  the 
strata  through  which  it  and  its  tributaries  find  their  way.  Should  water 
ever  be  sufficiently  plentiful  in  these  localities,  the  drift  just  mentioned 
will  furnish  excellent  arable  land.  It  will  naturally  be  liable  to  encroach- 
ments from  the  main  stream,  bat  arrangements  could  be  made  to  avoid 
any  serious  damage.  The  question  of  an  adequate  supply  of  water  for 
agricultural  purposes  along  the  main  tributaries  of  the  White  is  one, 
however,  that  can  probably,  even  now,  be  answered  nagatively. 

For  the  white  settler,  the  region  surveyed  during  1876  offters  but  lim- 
ited inducements.  The  quantity  of  wat^r,  above  all  things,  is  too  sniall 
to  permit  of  any  even  apinroximately  dense  population,  tiecause  most 
likely  the  country  coald  not  sustain  it.  Good,  large  timber  is  rare  in 
the  low  lands,  and  the  higher  regions  are  too  distant  to  admit  of  trans< 
partatioui  even  could  it  there  be  found  in  satisfactory  quantities. 


CHAPTER   III. 


CORRELATIONS  OP  STRATIQRAPnY,  LITHOLOGIOAL  COX- 
STItCtION  OP  STRATA,  AND  OROGRAPHY. 

Por  a  number  of  years  I  have  paid  special  attention  to  the  sabjecf, 
to  what  extent  do  the  physical  oonstitntion  of  strata  and  their  strac- 
taral  condition  inflaence  the  orographic  features  of  any  given  region? 

Both  in  Europe  and  in  the  United  States  1  have  collected  data  with 
a  view  to  presenting  at  some  time  a  synopsis  of  the  observations  made^ 
and  to  induce  from  such  synopsis  the  probable  results-  that  would  be 
derived  from  given  lithological  and  structural  character.  Upon  examina- 
tion,  I  find  that  to  a  great  measure  the  effects  from  similar  or  identical 
causes  correspond  very  well.  A  recognition  of  this  fact  has  direct  bear- 
ing upon  the  recognition  of  minor  details  in  mountain  ranges  and  groups. 
It  will  facilitate  the  study  of  physical  geography  and  frequently  afford 
a  clew  to  the  explanation  of  orographic  forms  that  otherwise  might  be 
difficult. 

It  does  not  lie  within  the  province  of  this  paper  to  discuss  either  the 
causes  by  which  abnormal  positions  of  strata  are  produced,  or  the  in- 
fluence that  the  action  of  any  plutonic  or  volcanic  activity  may  have  had 
upon  strata  or  groups.  We  begin  with  a  comparison  of  the  result  pro- 
duced ui)on  strata  or  lithological  groups  by  atmospheric  and  other 
eroding  agents,  after  they  have  assumed  a  rigid  stability.  Noticing 
the  varying  forms,  the  resultants  of  similar  or  identical  influences  to 
which  each  and  every  one  of  them  has  been  or  is  being  subjected,  wo 
will  perceive  at  a  glance  the  value  of  a  system  of  reasoning  based  upon 
inductive  principles.  We  have  analogous,  if  not  absolntely  the  same, 
agents  producing  a  multiplicity  of  results,  and  by  the  study  of  these 
results  can  arrive  at  some  conclusion  regariding  the  physical  structure 
and  constitution  of  the  media  exhibiting  them.  Indirectly,  again,  we 
can,  by  combining  empirical  knowledge  with  the  results  presented, 
argue  an  inference  as  to  the  mineralogical  and  chemical  aggregates  and 
constitnents  composing  the  forms  under  consideration. 

An  application  of  tbe  knowledge  we  may  derive  from  the  study  of 
cause  and  effect,  the  former  being  almost  constant  in  this  instance,  will 
enable  us  to  draw  comparatively  correct  conclusions  as  regards  the 
general  character  of  the  material  in  which  such.eft'ect  is  observed.  This 
is  of  importance  in  geological  and  geognostical  work.  When  in  the 
fleld,  the  first  intimation  of  the  age  or  relative  position  of  a  stratum 
may  frequently  be  furnished  by  some  peculiar  feature  of  weathering. 
If  we  have  for  examination  before  us  a  circumscribed  area,  in  a  portion 
of  which  the  age  and  character  of  the  various  geognostic  horizons  have 
been  definitely  determined,  a  study  of  the  exterior  physical  appearance 
may  often  greatly  facilitate  the  recognition  of  any  one  of  the  determined 
horizons  at  an  even  distant  locality.  No  doubt  this  method  is  employed 
almost  instinctively  by  most  or  all  geologists  who  have  occasion  to  ex- 
amine regions  comparatively  or  entirely  unknown.  It  is  not  my  par- 
pose,  however,  to  write  a  *^ guide  for  field  geologists;"  so  this  instunce 
of  direct  practical  application  may  suffice. 

During  four  years  I  have  had  the  opportunity  of  studying  geology  in 
Colorado  and  a  portion  of  its  contiguous  Territories.  Tbe  survey  of  this 
State  is  now  completed,  and  I  send  forth  the  subjoined  notes  with  espe- 
cial reference  to  what  I  have  observed  in  that  State.    Few  regions,  per- 
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baps,  will  prove  to  be  so  favorable  to  tbe  study  of  ^^formy"  botb  massive 
and  in  detail,  as  Colorado.  Tbe  former,  tbe  massive  features,  are  Dot 
ooDsidered  here,  but  only  tbe  result  of  atmospberic  and  otber  erosive 
iiiflueDces  upon  strata  or  rocks  of  different  physical  constitution  and 
different  structural  conditions. 

All  rockfi  and  stratoid  deposits  can  appropriately  be  divided  into  four 
groups,  taking  their  physical  characters  and  their  genesis  as  a  basis. 
(0.)  Crystalliue  aggregates,  comprising  all  those  consisting  entirely  of 
several  crystollized  or  crystalline  minerals,  the  nature  of  which 
determines  the  species  of  the  rock. 
(b.)  Sedimentary  rocks. 

(1.)  Deposited  without  the  aid  of  any  chemical  separation  or 

action  whatever.    Purely  mechanical  deposits. 
(2.)  Deposited  wiM^  the  aid  of  chemical  action.    Crystalline  at 
times,  consisting  of  but  one  mineraL 
(o.)  Eruptive  rocks,  containing  segregated  minerals  in  a  paste  which  may 

be  amorphous  or  crystalline. 
{d.)  Bedeposited,  recent  material. 

This  general  division  with  but  slight  exceptions  corresponds  in  the 
maiu  to  a  chronological  separation.  Instances  occur  where  eruptive 
rocks,  younger  than  a  iK)rtion  at  least  of  the  sedimentaries,  consist  en- 
tirely of  a  crystalline  aggregate.  Eruptive  gianite,  which  is  known  to 
have  intruded  into  Pos^Cretaceons  strata,  is  an  example  of  this  kind. 
With  soch  and  similar  exceptions,  however,  which  at  best  occur  but 
rarely,  the  arrangement  is  essentially  one  that  corresponds  with  the  suc- 
cessive genesis  of  geological  divisions. 

GBTSTALLINE  AOaREGA^ES. 

As  belonging  to  this  group  we  count  Oranites,  Syenites,  Diorites,  Oab- 
bro,and  Schists.  Each  one  of  these  is  represented  by  a  large  number  of 
varieties,  determined  by  the'absence  or  substitution  of  one  or  the  other 
constituent  mineraL  The  three  first  of  these  are,  physically,  closely 
related  to  each  other,  while  tbe  two  last  form  a  correspondingly  parallel 
subgroup.  Three  varieties  can  be  distinguished  of  the  first  subgroup, 
Tsrieties  that  are  based  not  upon  mineralogical  or  chemical,  but  purely 
physical  distinctions,  coarse^  middle^  and  fine-grained. 

Coarse-grained  rocks  belonging  to  this  series  are  by  far  less  able  to 
withstand  erosion  and  degrs^ation  than  the  other  two.  Frequently 
either  tbe  feldspar  or  mica  may  be  found  to  be  so  arranged  as  to 
present  its  cleavage-plane  in  one  direction  mainly.  Both  of  these  -min- 
erals show  large  crystals^  and  it  will  be  a  comparatively  easy  matter 
for  either  flowing  water,  frost,  or  any  similarly  acting  agent,  to  destroy 
in  a  short  time  the  original  shape  of  the  exposed  mass.  Should  even 
the  cleavage-planes  not  be  so  arranged  as  to  fall  mainly  in  one  direction, 
tbe  same  causes  will  produce  an  abrasion  which  stands  in  direct  pro- 
portion to  the  average  size  of  the  crystalline  masses,  as  compared  to 
others.  It  is  evident,  therefore,  without  going  into  details  as'  regards 
the  process  by  which  the  removal  of  material  is  effected,  that  a  coarse- 
grained granite,  for  instance,  will  have  a  tendency  to  form  rounded 
hills,  blunt  summits,  and  rounded  edges.  In  case  the  crystals  lie  in  one 
deavage-plane,  frequently  small  vertical  or  sloping  smooth  walls  will 
be  formed,  which  more  effectually  resist  disintegration  than  the  remain- 
iog  portions.  One  of  the  most  powerful  agents  in  shaping  the  minor 
orographic  details  is  the  growing  vegetation.  Through  the  growth  of 
roots,  the  enormous  wedging-power  of  which  is  well  known,  particles  of 
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minerals  are  forced  off  or  loosened^  aod  thas  the  more  rapid  erosion 
other  agents  is  facilitated. 

Diminishing  with  the  size  of  the  constituent  minerals  are  the  charac- 
teristics above  given  for  coarsegrained  rocks  of  this  group.    As  tbe 
former  become  smaller,  the  aggregate  forms  a  more  compact  mass,  less 
assailable  by  atmospheric  inflnences,  water^  and  sand.    InstesMl    of 
roanded  hills  we  will  find  steeper  monntains,  showing  sharp  ridg^e« 
leading  toward  the  summit.    Abrupt  changes  of  the  angles  of  slope 
and  precipitous  edges  will  denote  the  more  thoroughly  resisting  ma- 
terial.   While  here  we  fiud  higher  mountains  generally,  coarse-grained 
masses  will  rarely  occupy  any  very  elevated  position,  being  too  readily 
reduced  by  disintegration.    These  features,  however,  can  change  if  we 
have  before  us  a  stratified  or  stratoid  mass  of  rocks.    In  this  case  the 
features  of  mountains  and  ranges  no  longer  conform  to  the  synopsis 
above  given,  but  are  subject  to  the  same  variations  that  are  character- 
istic of  the  next  following  group. 

While  the  avalanchial  drift  from  coarse-grained  granite  or  kindred 
rocks  generally  occurs  in  more  or  less  rounded  bowlders,  that  of  the 
finer-grained  varieties  is  angular,  with  sharp  edges,  and  flat  instead  of 
rounded  sides.  If  worn  by  water,  the  latter  will,  as  a  rule,  show  more 
regular  forms,  owing  to  its  greater  degree  of  homogeneousness. 

The  second  subgroupf :  Oabbro  and  schists  appear  as  totally  distinct 
from  the  preceding,  if  we  except  the  possible  bedded  condition  of  the 
latter.  It  is  a  very  rare  occurrence  to  find  schists  lying  horizontally. 
Generally  they  are  tipped  up,  more  or  less  steeply  inclined,  and  we  have 
in  their  exterior  character  the  combined  influence  of  a  crystalline  aggre- 
gate and  stratified  structure.  Very  rarely  are  coarse-grained  varietieis  be- 
longing to  this  series  met  with.  Usually  the  component  minerals  are  small 
and  distributed  evenly  throughout  the  masses.  Acicular  crystals  lying 
in  one  direction  tend  often  to  increase  and  subdivide  the  distinguishable 
strata  or  layers.  A  predominanC'C  either  pf  quartz  or  hornblende  en- 
ables  rocks  of  this  group  to  resist  very  successfully  the  attempted  dis- 
integration. For  the  same  reason  growing  vegetation  will  not  pro- 
duce so  extensive  a  loosening  or  removal  of  fragments  as  it  does  in  a 
coarse-grained  rock.  Flowing  water  selects  for  destruction  the  most 
readily  yielding  beds,  and  leaves  others  either  as  partially  rounded  nar- 
row benches,  or  broken  fragments,  denoting  the  course  of  the  former 
continuous  hard  stratum. 

Whenever  we  find  the  strata  inclining  or  standing  on  edge  we  will 
observe  that  they  form  steep,  sharp  ridges,  and  very  often  high  peaks. 
(This  latter  is  due,  however,  not  entirely  to  the  resistance  of  the  rock 
composing  them,  but  to  the  fact  that  this  group  belongs,  as  a  nile,  to 
the  metamorphic  series,  and  its  members  have  acquired  their  elevated 
position  by  virtue  of  directly  active  forces.)  In  that  case  the  slope  of 
the  mountains  parallel  with  the  dip  of  the  strata  is  smooth,  while  the 
one  exposing  their  edges  is  generally  exceedingly  ragged.  Dependent 
upon  the  angle  of  the  dip  and  that  of  the  latter  slope  is  the  formation  of 
precipices  and  overhanging  walls. 

Vegetation  has  more  influence  in  removing  portions  of  these  rocks 
than  it  exercises  with  middle  or  fine-grained  rocks  of  the  first  subgroup. 
This  is  accomplished  inasmuch  as  the  growing  roots  can  more  readily 
enter  the  narrow  crevices  between  single  layers  or  strata  (the  former 
of  which  are  fk^quently  exceedingly  thin),  and  can  thereby  produce  a 
dismemberment  of  numerous  particles.  Avalanchial  drift  of  this  sub- 
group shows  characteristics  that  indicate  the  beddfng  of  the  entire  mass, 
and  the  more  or  less  frequent  occurrence  of  narrow  cracks  and  fissures. 
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k  aeoordance  with  their  resiBtanoe  to  decomposiDg  and  disintegratiug 
ioflaeoces,  the  bowlders  show  sharp,  jagged  edges,  and  abrupt,  traua- 
Terse  fractores,  besides  those  parallel  to  the  stratoid  arraDgement. 

As  an  incidental  agent  of  erosion,  moving  ice  may  be  mentioned.  Its 
Boeeess,  as  sacfa^  is  commensorate  with  the  homogeneousness  of  the  rocks 
over  which  it  passes,  and  dependent  greatly  npon  the  circumstance 
whether  it  takes  its  Course  over  massive  or  stratified  portions.  In  the 
former  instance,  it  will  produce  a  planing,  a  rounding  of  the  rocks  sub- 
jeeted  to  its  action,  the  result  obtained  being  form»  that  have  received 
the  appellation  of  *<  roekea  moutonnies!^  In  a  similar  manner,  though 
iM^  so  (ieeidedly,  is  the  movement  of  glaciers  upon  other  members  of 
tbeiie  groups  demonstrated.  Should  they  pass  over  the  upturned  edges 
of  schistose  rocks,  they  will  remove  more  material  from  the  softer  strata 
than  from  others,  and  produce  ^Uroughs"  in  case  their  course  be  par- 
allel to  the  strike  of  the  strata.  In  this  respect,  as  well  as  in  the  first, 
the  action  of  ice  and  flowing  water  with  its  accompanying  bowlders 
is  very  similar.  Where,  however,  not  only  the  base  but  the  walls  of  a 
mvine  or  canon  are  attacked  by  glaciers,  the  result  is  too  character- 
iatic  to  admit  of  comparison. 

SBDIMENTABY  BOOKS. 

The  sedimentary  rocks  have  been  divided  into  two  groups,  those  repre- 
senting merely  mechanical  deposit,  and  others  necessitating  chemical 
action.    Oi  these  the  former  is  susceptible  of  subdivision  into 

(1.)  drngUmieratej 
(2.)  Sandstone^ 
(3.)  Skale.  and 
(4.)  Marl. 

It  depends,  in  conglomerates,  upon  their  physical  properties  what 
result  atmospheric  and  other  abrading  influences  will  have.    Mainly 
two  varieties  may  be  distinguished,  soft  and  hard  conglomerates.    Of 
these  the  former  yield  very  readily,  while  the  latter  resist  more  success- 
fally.    Conglomerates  are  originally  a  mechanical  deposit  of  erratic 
howlders,  of  various  size,  pebbles  and  sand,  cemented  either  by  the  lat- 
ter, by  clay,  or  in  rare  instances  by  carbonate  of  lime  or  quartz.    If 
sand  forms  the  cement,  flowing  water,  rains,  frost,  &c.,  will  easily  remove 
it,  and  the  bowlders,  at  one  time  held  together,  will  be  loosened  and 
carried  ofiL    Unless  a  protecting  cap  of  some  kind  may  prolong  the 
existence  of  soft  conglomeritic  masses,  they  yield  in  time  entirely  to 
deslTQctive  agents.    Should  the  conglomerate  be  a  hard  one,  we  will 
generally  find  that  it  contains  softer  parts,  the  distribution  and  shape 
of  which  is  either  irregular  or  stratoid.    These  will  weather  out  more 
lapidlytban  theremaiuingportions,andform  cavities  or  gulches,  ravines, 
&^   In  that  case  the  ha^,  remaining  rocks  will  form  crags,  or  irregu- 
lar masses.    As  a  rule,  conglomerates  of  this  character  weather  in  steep 
alopes.    Gradual  erosion  will  carry  away  more  and  more  of  the  matrix, 
until  the  bowlders  contained  within  it  project  on  the  wall  or  cliff  and  the 
latter  appear  studded  with  them.    Whenever  they  form  creek-beds,  we 
observe  that  the  water  rapidly  cuts  them  away,  unless,  indeed,  they  be 
^taented  by  qnartzitic  rock  or  quartz.    It  is  a  very  rare  occurrence 
that  conglomerates  are  found  otherwise  than  in  a  subordinate  position 
^^  regards  the  structure  of  a  mountain.    An  exception  of  this  kind  may 
be  noted  in  the  Sawatcb  Bange,  where  a  series  of  conglomeritic  beds, 
W)  to  1,500  feet  in  thickness,  stretches  over  a  very  large  area  of  country. 
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At  some'IocalitieH  it  occapies  the  sammits  of  peaks.  When  foand  i 
this  position,  exposed  to  the  foroe  of  atmospheric  erosive  agents,  i 
weathers  in  exceedingly  rngged  and  often  pictaresqae  forms.  ReDt 
and  cracks  traverse  the  strata  vertically,  widening  locally  into  ca^e 
and  almost  complete  arches.  Allowing  the  widening  of  such  reiif;ej 
parallel  to  each  other,  to  continue,  we  find  that  the  result  is  a  series  o 
sharp  pinnacles,  ornamenting  ridges  and  slopes  of  tbo  mountain.  Vex 
tical  precipices  denote  the  cleavage,  and  readily  accomplished  disinte 
gration  of  ma.ny  portions.  Frequently,  underlying  soft  strata  An 
removed  by  the  action  of  flowing  water,  glaciers  or  frost,  and  the  super 
incumbent  ones  '^drop"  down,  causing  the  formation  of  vertical  cliff; 
that  have  a  general  resemblance  to  an  am[)hitheatre. 

Should  the  conglomerate  be  stratified,  its  constitution  be  sufficiently 
hard  to  admit  of  distinguishing  the  strata,  and  they  have  assumed  an 
inclined  position,  we  will  find  that  the  results  produced  by  erosion  agree 
closely  with  those  that  may  be  observed  in  a  coarse-grained  sandstone 
under  similar  conditions. 

fywiiMUiaea  can  be  appropriately  divided  into  two  main  groups,  heav- 
ily bedded  and  thmFir  bedded,  eaeh  of  which  may  consist  of  three  vari- 
eties, quartzitiOj  calcareous^  and  argittaceofm.    Of  tibese,  the  first  and 
third  are  by  far  more  numerous  than  the  second.    When  in  their  normal 
position,  t.  e.j  horizontally  stratified,  all  sandstones  show  similar  general 
results  produced  by  weathering  and  erosion.    Massive  beds  in  that  case 
present  comparatively  steep  slopes,  if  quartzitic,  rounded  and  more  gen- 
tle if  argillaceous.    This  is  evident  from  the  physical  character  of  the 
rock.    Sandstone  is  essentially  a  conglomerate,  or  vice  versa^  only  that 
the  bowlders,  &c.,  it  contains  are  of  very  diminutive  size.    Quartz,  car- 
bonate of  lime,  and  clay  form  the  cements  that  bind  the  small  grains  of 
sand  together.     The  more  loosely  they  are  combined,  therefore,  the 
more  readily  \vill  the  rock  yield  to  disintegrating  agents.    If  a  series 
of  sandstone  strata  is  not  homogeneous,  i.  e.,  most  of  the  strata  hard, 
others  soft,  and  the  reverse,  we  will  find,  provided  we  have  normal  strat- 
ification, that  *' benches"  are  formed.    With  the  decreasing  thickness  of 
the  sandstone  beds  the  outlines  of  hills  or  valleys  formed  change  from 
comparatively  abrupt  to  gentle  ones,  the  summits  of  hills,  rarely  mount- 
ains, are  rounded,  their  ridges  obtuse  or  obliterated,  and  their  slopes 
cnrved.    With  an  increase  of  clay  in  the  rock  we  observe  the  same 
effect. 

Into  horizontal  beds  of  this  groap  flowing  water  cuts  valleys  or  cafions 
of  regular  shape.  Dependent  upon  the  hardness,  &c.,  these  may  have 
steep  or  gentle  slopes,  both  of  which  will  be  very  similar  to  each  other. 
Vegetation  is,  in  this  instance,  a  very  destructive  agent,  changing  rap- 
idly the  minor  details  of  any  exposed  surface.  By  disintegrating  the 
sandstone  it  produces,  mechanically,  soil,  which  in  turn  is  frequently 
removed,  showing  the  rocks  to  which  it  owes  its  present  existence  in 
changed  and  modified  forms.  Avalanchial  and  water-worn  drift  assume 
shapes  that  correspond  to  the  physical  nature  of  the  strata  from  which 
it  is  derived.  Angular  bowlders  or  round  cobble-stones  denote  a  hard, 
strongly  resisting  rock.  If  these  former  are  rounded,  the  latter  flat  and 
of  oval  or  round  form,  we  have  a  soft  sandstone. 

At  many  localities  the  vertical  or  approximately  vertical  cleavages  in 
sandstone  strata  can  be  observed.  These  give  rise  to  vertical  or  very 
steep  bluffs,  by  the  separation  of  some  portions  from  the  main  body  of 
the  beds. 

Wherever  the  strata  are  not  in  their  normal  position,  either  inclined 
or  standing  on  edge,  the  character  they  exhibit  differs  somewhat  from 
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that  above  given.  Again,  it  is  of  importance  whether  the  sandstone  is 
a  bard  or  soft  one,  massively  or  thinly  bedded.  As  a  rale,  all  sand- 
Btones,  if  their  strata  are  inclined,  form  hills  that  show  a  gentle  slope 
vith  the  dip,  a  steeper  one  opposite.  Boanded  forms  prevail,  nnless, 
indeed,  we  have  one  of  those  cases  where  sandstone  merely  forms  the 
capping  of  a  blofE^  overlying  more  readily-disintegrated  rocks.  Sbonld 
the  strata  stand  on  end,  then  they  will  generally  project  prominently  in 
Barrow  ledges,  represented  sometimes  only  by  isolated  '<  sentinels"  that 
indicate  the  strike  of  the  stratum.  The  harder  portions,  in  such  a  case, 
will  resist  eroding  influences  and  remain,  while  the  softer  ones  gradu- 
ally disappear,  adding,  by  their  absence,  to  the  prominence  of  the 
former. 

Attrition  by  sand  which  is  carried  with  considerable  velocity  and 
force  by  the  wind  is  a  well-known  agent  of  erosion  that  can  demon- 
atrate  its  inflnence  in  a  region  containing  sandstones.  The  results  pro- 
duced by  this  species  of  erosion  are  manifested  in  the  minoc  dauila 
mainly,  in  rare  instances  only  having,  aaiMlrlnfliience  upon  the  general 
oonfigaration  of  a  mountawtir  hill. 

Argillaceoiia.'a8irtrstone  gradually  merges  into  shales  and  marls,  so 
impere^yffbly,  sometimes,  that  it  is  often  a  matter  of  doubt  whether  we 
akonld  term  certain  beds  shaly  sandstones  or  arenaceous  shales.  So, 
too,  do  the  products  of  atmospheric  and  aqueous  erosion  blend  into 
eoeh  other. 

Shales  and  marls,  interstratified  with  sandstones,  are  productive  of 
forms  that  depend  in  a  great  measure  upon  the  character  of  the  latter. 
If  they  are  hard,  weathering  but  slowly,  we  will  generally  find  that 
more  or  less  gently  rounded  hilts  are  the  result,  which  contain  nume- 
rous **  steps"  or  benches,  each  one  the  result  of  the  greater  resistance 
shown  by  the  sandstone.  If  this  latter  is  argillaceous,  however,  and 
its  beds  not  too  thick,  the  slopes  of  hills  and  blufifs  will  usually  be 
steep,  showing  an  evenly-sloping  angle.  In  that  case,  a  stratum  of 
sandstone  most  frequently  acts  as  a  protecting  cap,  preserving  the 
onderlying  shales  from  further  erosion.  Vertical  cleavage  -  planes 
throughout  the  series  of  strata  produce  local  precipitous  slopes. 

Water  cats  deeply  into  the  members  of  this  group,  producing  nar- 
row, steep  gullies  and  ravines.  As  a  rule,  their  sides  are  very  even, 
affording  a  symmetrical  profile  on  a  transverse  section.  Banks  of  sand- 
stone or  dolomitio  beds  form  benches,  running  along  with  great  regu- 
larity, broken  where  the  facility  for  so  doing  was  afforded  by  already- 
existing  cleavage  fractures  or  faulted  displacements. 

Homogeneous  shales  and  marls,  t.  e.,  without  interstrata  of  either 
sandstones  or  dolomites,  assume  very  characteristic  shapes.  They  erode 
in  regular  forms,  representing,  en  miniaturey  the  slopes  of  mountain 
ranf^es  and  ridges.  Wherever  no  protecting*  cap  of  sandstone  occurs, 
or  where  it  has  gradually  been  carried  off,  we  can  observe  in  the  carving 
of  the  shales  steep  sloiies,  regular  sides,  and  a  disposition  of  spurs  and 
ravines  that  would  admirably  correspond  to  a  model  range.  Differences 
of  color  in  that  case  produce  very  beautiful  effects.  Never-ceasing 
denudation  slowly  but  surely  levels  these  small  ridges  in  the  course  of 
time.  Wherever  the  shale-beds  have  been  changed  from  their  normal 
horizontal  position  they  give  rise  to  the  formation  of  valleys.  This  is 
more  particularly  the  case  if  they  arc  over  and  under  laid  by  harder  series 
of  strata.  The  lesser  resistance  of  the  shales  to  erosive  agents  allows 
them  to  be  removed  more  rapidly  than  the  neighboring  groups,  and  par- 
ticularly flowing  water  shows  its  activity.  lateral  valleys  with  steep 
sides,  little  more,  often,  than  ravines  and  gorges,  enter  the  main  one,  and 
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the  waters  they  contain  aid  in  shaping  and  enlarging  the  latter.  Unlesi 
the  strata  are  locliued.this  feature  is  not  so  noticeable,  becaaBe  theu  ttki 
valleys  are  cat  in  more  regularly,  and  do  not  follow  the  strata  of  tlM 
shales,  but  in  preference  the  dip,  which,  though  scarcely  perceptible 
generally  exists.  Vegetation  partly  preserves,  partly  destroys,  the  detail 
features  of  regions  where  shales  predominate.  In  the  former  instance 
it  is  the  small  plants  that,  by  their  matted  roots^  protect  the  ea8ily-4lM 
integrating  material  from  erosion ;  in  the  latter  it  is  the  large  plants  tbat, 
loosening  the  shales,  render  them  more  readily  transportable.  As  a  rule, 
however,  shales  are  eroded  altogether  too  rapidly  to  culmitof  any  consider- 
able  accnmulation  of  small  vegetation  on  tbe  steep  8loi>es  they  present, 
so  that  they  are  nnprotected  against  atmospheric  and  other  eroding 
agents.  Owing  to  the  steepness  of  these  slopes,  but  a  small  amoaut  ol 
the  detritus  remains  npon  them,  but  rolls  or  slides  down  and  formfi 
a  yielding  talus  at  the  base  of  the  bluff  or  diff  which  has  furnished 
the  material  requisite. 

Land-slides,  mostly  of  small  extent,  occur  quite  frequently  in  shales 
and  in  shales  interstratified  with  sandstones^.  They  are  due  mainly  to 
the  existence  of  ^'  water-strata."    As  such  I  designate  strata  or  layersof  a 
very  tough,  impenetrable  shale.    Water  precipitated  upon  tbe  surfaoe 
percolates  through  the  fissures,  &c.,  of  the  varioas  beds,  until  it  reaches 
a  water-stratum.    Owing  to  the  physical  constitution  of  the  latter,  it 
is  prevented  from  descending  farther,  excepting  at  such  places  where  a 
break  may  occur  in  the  stratum.    Tbe  result  is  that  small  rivulets  of 
water  are  formed  between  the  water-stratum  and  the  succeeding  beil 
above  it.    An  inclination  of  the  beds  will  direct  the  course  of  tbe  water. 
Wherever  opportunity  may  be  afforded^  the  latter  will  continue  its 
downward  course,  and  wherever  the  conditions  are  favorable  it  will 
emerge  from  the  side  of  a  bluff  or  in  a  valley,  in  the  form  of  sprtDg& 
Should  the  inclination  be  sufficiently  steep,  the  comparative  separation 
of  two  strata,  by  this  accumulation  of  water,  will  often  result  in  a  down- 
ward movement  of  the  superincumbent  beds,  facilitated  by  the  sinootfei 
surface  which  the  water  produces.    It  is  thus  that  laud-slides  are  so 
frequently  formed  in  regions  where  shales  are  abundant. 

Although  the  water-strata  themselves  consist,  almost  invariably,  of 
shales,  they  are  not  confined  to  any  special  formation,  but  are  found  in 
all  or  nearly  all  sedimentary  groups.  In  sandstone  and  limestone  strata 
they  occur,  producing  the  same  results  as  elsewhere.  In  a  region  that 
is  but  sparingly  supplied  with  flowing  water  the  recognition  of  their 
existence  is  of  great  importance,  furnishing,  as  it  does,  a  clew  to  the 
localities  in  which  spring  may  be  found.  On  the  faces  of  bluffs  the 
water-strata  are  generally  indicated  by  moist  horizons,  by  efflorescence 
of  epigene  minerals  or  by  stains  produced  by  hydrated  oxygen  com- 
pounds of  iron  and  manganese.  Where  the  relative  position  of  a 
stratum  of  this  kind  has  been  et^tablished,  it  will  materially  aid  in  tbe 
discovery  of  existing  springs,  or  in  the  selection  of  the  most  favorable 
localities  for  wells.  Its  horizontal  extension,  of  course,  is  not  without « 
breaks  and  dry  portions;  but,  as  a  rule,  the  existence  of  water  may 
be  depended  npon  at  such  places,  which  would  afford  the  greatest  facil- 
ity for  the  egress  of  water  at  the  relative  niveau  of  the  water-stratum. 

Deposited  with  the  aid  of  chemical  action. — ^To  this  group  belong  essen- 
tially the  limestones  and  dolomites.  They  differ  in  general  surface-fea- 
tures from  the  preceding  seriea  Instead  of  a  purely  mechanical  erosioo, 
we  have  here  mainly  a  decomposition,  or  chemical  alteration,  and  a  subse- 
quent removal  of  such  altered  portions.  General  atmospheric  agents, 
more  particularly  water,  have  the  greatest  effect,  chemicallyi  upon  tbe 
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rocks  belonging  to  this  group.  Flowing  water  takes  advantage  of  existing 
oraeks  and  fissares,  cats  its  way  along  the  most  favorable  route,  and  re- 
noveslargeqnantitiesofbothkindsof  rock.  This  is  tbe  case  more  partic- 
ularly when  the  water  contains  an  appreciable  percentage  of  carbouic 
acid  gas.  If  horizontally,  or  nearly  so,  stratified,  the  limestone  beds  will 
ihoir  aqaeoas  erosion  commensurate  with  the  greater  or  lesser  density  of 
tbeir  structure.  Cleavage-planes  and  cracks  produced  by  undermining 
result  in  vertical  walls,  that  not  unfrequently  are  fouud  in  limestone- 
areas.  Should  the  strata  be  inclined,  they  will  present  very  much  the 
same  features  we  would  find  in  a  calcareous  sandstone.  Instead  of 
tharp  ndges  we  will  then  see  more  gentle  slopes,  worn  away  gradually. 
The  crest  itself  will  generally  be  steep,  as  will  also  the  slopes  exposing 
tbe  edges  of  strata. 

Vegetation  is  a  (lowerful  agent  of  decomposition.  Kot  only  does  it 
employ  the  directly-acting  mechanical  force^  which  manifests  itself  dur- 
iog  tbe  period  of  growth,  but  it  also  acts  as  a  chemical  agent.  Experi- 
ments have  shown  that  even  the  most  delicate  root-fibres  of  a  plant 
^ill  attack  tbe  polished  surface  of  marble^  of  limestone  in  general.  Thus- 
eertain  portions — those  containing  the  ]>urest  calcium  carbonate — wilL 
be  exposed  to  more  vigorous  attacks  from  vegetation  than  others  con- 
taining admixtures  of  clay  and  silica,  for  instance.  Thus  an  inequality 
of  the  surface  is  eventually  produced,  which  will  be  corrected  at  the» 
cost  of  additional  transportation  of  material  from  the  original  stratun^ 
or  strata. 

Dependent  upon  the  chemical  constitution  of  limestones  and  uponi 
tbeir  structure  is  their  character  as  drift.  Avalanchial  drift  can  be 
found  showing  both  the  angular  and  the  rounded  bowlders.  !River  and 
other  water- worn  drift  is  scarcely  characteristic  enough  to  admit  of  any 
distinction,  if  we  except  tbe  peculiar,  sometimes  indistinct,  grooving 
upon  the  pebbles,  which  is  due  either  to  admixture  of  harder  material 
or  to  the  action  of  plant-roots.  Marble  is  but  a  homogeneous  crystal- 
line limestone,  and  its  behavior  both  under  direct  mechanical  and  chem.^ 
ical  action  is  entirely  in  conformity  with  its  physical  character. 

ERUPTIVE  ROi[)KS. 

These  can  appropriately  be  separated  into  four  groups : 

{0.]  Massive  volcanic  eruptions,  extending  in  flows  over  large  areas. 
(h,)  Local  massive  volcanic  eruptions,  extending  but  a  short  distance.. 
to.)  Volciinic  eruptions,  in  contradistinction  to  those  termed  ^'mas- 
give." 
{d,)  Volcanic  dikes  and  dike-systems. 

Massive  volcanic  eruptions  are  especially  well  represented  in  Colorado;. 
Owing  to  the  regularity  and  extent  of  the  flows  we  can  appropriately 
speak  of  volcanic  strata.  Wherever  rocks  belonging  to  this  group  have« 
been  observed  they  *were  found  to  retain  the  same  general  character,, 
varied,  of  course,  by  local  changes  in  their  physical  constitution.. 
Serious  disturbances  of  the  strata  are  comparatively  rare,  confining 
tbemselves  mostly  to  local  faults.  Viewed  as  a  whole,  we  may  say  that, 
tbe  rocks  of  this  group  resemble  sandstones  more  thani  any  others- 
Several  physical  varieties  exist,  hard,  slowly  eroding  and  resisting  at- 
mospheric influences  for  a  long  ti  me,  com  parable  to  qaartzitic  sandstone;: 
softer,  of  irregalar  physical  structure,  including  tuffs,  are  analogous  ia 
bebavior  to  argillaceous  and  partly  calcareous  sandstones.  Conglom- 
erates are  not  wanting. 

7  o 
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The  primary  tendency  of  strata  belonp^ing  to  this  group  is,  to  form 
table-lands.  Exteudmg  iu  lougoontinaed  flows  over  soi'ter,  less  homo- 
geoeoas  rocks  anderneath,  they  present  a  solid,  unbroken  sheet,  which 
is  less  readily  attacked  by  erosive  agents  than  other  formations  would 
be.  Slight  variations  in  dip  direct  the  water-courses,  or  they  are  deter- 
mined by  favorable  contact-lines  with  older  groups,  or  follow  fissures  and 
subsidences  produced  by  subsequent  seismic  activity.  A  more  or  less 
homogeneous  paste  contains  several  si)ecies  of  segregated  minerals  in  the 
rocks  of  this  group,  and  it  is  the  decomposition  of  these  latter  that  ini- 
tiates disintegration  of  the  entire  mass.  Generally  the  action  of  atmos- 
pheric agents  in  changing  the  surface  of  such  areas  is  an  exceedingly  slow 
onc,and  would  be  still  more  so,did  notexiatingfracturelinesacceleratethe 
same.  The  eventual  result,  as  produced  by  the  combined  influence  of 
already-formed  fissures  and  by  erosion  of  all  kinds,  is  a  double  one,  de- 
pendent, in  a  great  measure,  upon  the  thickness  of  the  volcanic  be<l8. 
Wherever  they  are  thin,  overlying  either  crystalline  or  sedimentary 
rocks,  they  form  more  or  less  evenly  sloping  plateaus  or  high  lands,  lu 
that  case  they  occupy  the  highest  portions  of  the  region,  rising  at  times 
to  isolated  hills  or  mountains  which  denote  the  locality  of  the  original 
outflow.  This  is  entirely  changed,  however,  when  we  have  a  thickness 
of  volcanic  beds  amounting  to  4,000  to  7,000  feet.  Then  we  find  that 
erosion  has  produced  narrow  valleys,  bordered  on  either  side  by  moun- 
tains. Gentle  or  steep  slopes  occur  in  the  latter  according  to  the  physi- 
cal character  of  the  material  composing  them.  As  in  the  sandstone 
areas,  we  here  find  that  certain  strata  are  harder  than  others,  probably 
t|y  havinc:  been  reheated,  and  they  then  give  rise  to  the  formation  of 
^'  bc*nches'^  on  the  mountain  or  hill  side. 

A  homogeneous  series  of  flows  will  produce  a  regular,  pyramid-shaped 
mountain,  the  slopes  of  which  show  horizontal  stratification.  Between 
such  mountains  the  valleys  cut  down  at  even  inclinations  of  their  sides, 
unless  caiions  of  separation  should  set  in  and  produce  the  characteristic 
vertical  walls.  One  feature,  occurring  quite  frequently  on  a  graod 
BCiile,  changes  all  these  results,  however.  It  is  columnar  structure  of  the 
Tolcanic  beds.  In  that  case  the  easy  separation  of  columns,  produced 
by  the  action  of  gradual  disintegration  and,  more  particularly,  frost, 
•causes  them  to  fall  from  the  face  of  the  mountain  and  leave  vertical 
I)reclpices,  which,  by  a  continuation  of  this  action,  slowly  recede  toward 
the  summit  of  the  peak.  Although  regularly-formed,  well-defined  col- 
umns are  of  comparatively  rare  occurrence,  an  attempt  at  such  structure 
may  frequently  be  noticed,  and  its  existence  aids  greatly  the  modifica- 
tion of  orographic  features. 

Alternating  at  some  places  with  these  hard  strata  are  other  of  less 
durable  texture.  In  certain  horizons  (speaking  of  Colorado)  flows  are 
found  that  contain  a  paste  resisting  atmospheric  influences  less  success- 
fully. It  is  more  readily  attacked,  and  instead  of  the  minerals  it  incloses 
being  the  ifirst  to  decompose,  the  paste  disintegrates  and  the  minerals 
iSLve  contained  as  such  in  the  detritus,  from  which  often  good  crystals 
can  be  obtained.  Should  a  stratum  of  this  description  occur  on  the 
summit  of  a  mountain  or  ridge,  we  will  not  find  the  sharp,  angular 
forms  of  the  preceding  group,  but  will  observe  that  they  are  more 
rounded,  and  that  the  summit  itself  presents  a  more  or  less  plateau  like 
ap|>carance.  This  is  due  to  the  erosion  and  transportation  of  the  softer 
stratum  to  such  a  depth  where  a  harder  one  may  again  be  reached,  and 
•oifer  more  energetic  resistance.  Within  strata  belonging  to  this  group, 
too,  we  find  caves  and  tunnels.  They  are  formed  partly  by  a  widening 
of  existing  fissures,  partly  by  gradual  disintegration  of  loosely  cemented 
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portions.    lu  most  iDstances  of  these  binds  the  openings  were  fonnd  to 
be  larger  than  any  portion  of  tho  interior. 

Erosion  by  flowing  water  is  productive  of  approximately  the  same  re- 
sults in  these  two  groups,  having  a  greater  effect  in  the  latter.  Valleys 
of  erosiouy  occurring  in  a  series  of  ''soft"  flows,  are  wider  and  slope 
more  gently  at  the  sides  than  the  others.  In  consequence  of  the  un- 
broken flows,  which  often  extend  over  many  square  miles,  water  collects 
in  slight  depressions,  which  are  incident  to  the  gentle  dip  or  due  to 
other  causes.  In  this  way  numerous  lakelets  are  sometimes  scattered 
over  plateaus,  which  latter  are  the  favorite  localities  for  such  occur- 
rences. Where  either  the  shallow  basins  existing  are  not  of  sufficient 
depth  to  contain  a  body  of  water,  or  the  quantity  of  the  latter  is  too 
small  to  fill  them,  extensive  swamps  are  formed  on  the  summits  of  pla- 
teans.  Vegetation,  wherever  the  conditions  may  be  favorable  to  its  ex- 
istence, has  a  great  influence  in  shaping  minor  detiiils  of  orographic 
ieatares.  Many  of  the  varieties  of  volcanic  rocks  decompose  very  slowly, 
and  furnish  but  little  soil  for  vegetation.  This  is  particularly  true  of  arid 
regions.  Vegetation  and  moisture  combined,  however,  rapidly  break 
down  the  first  barrier  of  impenetrability,  and  then  the  process  of  disin- 
tegration proceeds  steadily.  Besides  the  lack  of  water,  the  numerous 
avalanches  along  the  slo|>es  of  mountains  prevent,  to  a  great  extent,  the 
growth  of  vegetatiou.  Avalanches — composed  mainly  of  bowlders  and 
detritus,  less  of  snow — ^form  a  very  prominent  feature  in  all  those  dis- 
trict;) where  the  volcanic  strata  exhibit  a  columnar  structure,  and  where 
hard,  brittle  beds  are  overlying  softer  ones,  more  readily  eroded.  The 
steeper  the  mountain-slope  is,  ihe  farther  can  the  avalanche  descend. 
It  destroys,  in  its  course,  what  vegetation  may  exist,  and  by  being  devoid  ' 
of  soil  prevents  the  springing  up  of  a  new  growth. 

Erosion  by  glaciers  is  in  proportion  to  the  harder  or  softer  nature  of 
the  strata  over  which  they  pass,  lu  the  one  instance  they  produce  but 
slight  modifications  of  the  surface;  in  the  other  the  effect  produced  by 
them  aids  more  decidedly  in  changing  the  detail-orographic  features. 
Sand,  driven  by  wind,  has  considerable  influence  upon  tho  minor'details 
of  mountain-slopes  and  isolated  groups,  carving  its  peculiar  rounded 
indentations  into  such  portions  of  the  strata  as  may  be  found  to  be 
sufficiently  yielding. 

JBesidea  these  two  groups  of  the  massive  flow  volcanics,  we  have  the 
tofib.  In  their  behavior  they  closely  resemble  marls.  Loosely  cemented, 
they  offer  scarcely  any  resistance  to  erosive  agents,  and  are  cut  into 
every  variety  of  picturesque  forms.  Cappings  of  solid  volcanic  material 
may  protect  them  in  places,  but  wherever  they  are  exposed  they  exhibit 
the  most  grotesque  groups  imaginable.  Greeks  and  rivers  cut  deeply 
ioto  banks  that  are  composed  of  this  material,  and  by  thus  undermln- 
iog  saperincumbent  strata,  cause  a  vertical  or  approximately  vertical 
droppingof  the  latter.  Tuffs  are  of  local  occurrence,  but  may  be  counted 
upon  as  being  met  with  in  the  same  horizon  within  a  circumscribed  area. 
&>uglomerates  are  not  wanting  in  volcanic  areas ;  show  the  same  char- 
acteristics, however,  as  any  others.  Conglomerates  of  sedimentary 
formations  have  been  discussed  above,  and  what  has  been  said  of  those 
is  also  applicable  here. 

Local  massive  eruptions. — These  differ  from  the  preceding  group  in 
several  respects.  They  do  not  extend  over  very  large  areas,  and  are 
not  so  regularly  stratified.  As  a  rule,  isolated  mountain-groups  are  thus 
formed  that  have  no  direct  connection  or  relation  to  any  of  the  existing 
chains  or  ranges.  Volcanic  material  has  been  ejected  through  one  or 
more  fissures  or  tubes,  and  for  certain  mechanical  reasons  has  not  spread 
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in  widely-extended  flows,  but  built  up  a  small  range  or  group  of  moant- 
aiiis.  Physically  the  rocks  of  this  series  resemble  the  uustratilGled  crys- 
talline aggregates  more  than  the  voloanics  of  the  first  gronp.  In  the 
paste  there  is  contained  a  by  far  larger  quantity  of  segregated,  crystallized 
minerals,  which  causes  the  litbological  character  of  the  rock  to  resemble 
that  of  fine-grained  granite  more  nearly  than  that  of  a  trachyte.  Goa- 
sequently  we  find,  too,  that  so  far  as  erosion  and  the  influence  of  atmos- 
pheric agents  are  concerned,  the  volcanicsof  this  group  closely  resemble 
granite.  By  their  isolated  position,  however,  and  in  their  relatious  to 
the  topography  and  orography  of  the  neighboring  regions,  they  ore 
readily  distinguished. 

Volcanic  eruptions. — Volcanic  eruptions  are  so  termed  in  contradis- 
tinction to  the  massive  outflows.  Within  Colorado  none  were  positively 
determined,  and  I  very  much  doubt  whether  there  ever  will  be.  The 
existence  or  indication  of  a  ^'  crater"  built  up  by  the  outflowing  lava  is 
essential.  Cone-shaped  mountains  are  thereby  produced,  from  the  cen- 
tre of  which  the  liquid  lava  is  poured  through  the  main  crater  and  lat- 
eral fissures,  over  a  sometimes  considerable  extent  of  country.  Many 
of  the  eruptions  observed  in  Colorado  approach  these  in  general  char- 
acter, but  are  not  sufficiently  typical  to  receive  even  the  name.  They 
belong  to  a  dififerent  class  throughout,  and  cannot  justly  be  compared  to 
the  former. 

Bikes  and  dike-systems. — Among  the  volcanic  formations  these  are 
some  of  the  most  interesting,  both  as  regards  their  distribution  and  the 
features  they  exhibit  upon  being  exposed  to  eroding  influences.  Dikes 
show  themselves  on  the  surface  generally  as  more  or  less  regular  walls, 
or  form  narrow,  sharp  ridges.  One  occurrence  that  must  be  classed 
among  them  is  that  where  the  material  composing  them  has  reached  the 
surface,  and,  gradually  overflowing,  has  formed  coffin-shaped  or  cone- 
shaped  hills  and  mountains. 

Simple  dikes  penetrate  mainly  sedimentary  beds,  and,  upon  the  grad- 
ual removal,  by  erosion  and  transportation,  of  the  contiguous  beds, 
they  stand  out  prominently.  Disintegration  of  the  hard  volcanic  rock 
composing  the  dike,  widening  of  originally  narrow  fissures,  or  removal 
of  certain  portions  by  water,  produce  breaks  in  these  walls.  In  that 
case  they  may  frequently  be  represented  by  isolated,  columnar  masses, 
the  general  distribution  of  which  indicates  the  coarse  of  the  unbroken 
dike  lower  down.  Orographically  they  impart  to  a  region  where  they 
are  found  a  peculiar  character.  Although,  as  a  rule,  they  stand  out 
prominently,  not  disturbing  the  general  level  of  the  adjoining  beds,  they 
sometimes  give  rise  to  the  formation  of  narrow  ridges  and  hogback- 
shai)ed  hills.  This  is  accomplished  either  by  their  protecting  from  ero- 
sion these  beds,  or  by  having  rendered  them  more  resisting  through  par- 
tial or  complete  metamorphosis.  Isolated  knolls  and  buttes  are  fre- 
quently formed  by  the  remnants  of  once  continuous  dikes,  of  which 
portions  have  been  worn  away  to  the  present  level  of  the  region  in  which 
they  ocimr.    . 

Dike-systems  have  by  far  moreinfluenceindeterminingsurface  features 
than  simple  dikes,  and  are  not  unfrequently  the  original  cause  of  pro- 
ducing prominent  hills  and  mountains.  It  will  generally  be  observed 
that  a  dike-system  has  either  one  central  starting-point,  or  one  line  from 
which  the  single  dikes  emanate.  If  these  are  sufficiently  near  together, 
or  have  hardened,  by  alteration,  the  media  through  which  they  have 
passed,  they  will  afford  ample  protection  from  erosion  to  the  strata  they 
have  traversed.  Thus  every  dike  will  form  the  crest  of  a  narrow  ridge 
leading  toward  the  central  point  or  line  of  outflow.    In  case  the  dikes 
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are  safficiently  nnmerons,  they  may  readily  form  in  this  manner  a  moan- 
tain  or  monntain  gronp  of  considerable  height  and  extent.  Added  to 
the  ^  power  of  preservation"  that  these  dikes  have,  with  reference  to  the 
Deigfaboring,  more  readily  disintegrating  strata,  is  the  fact  that  often 
the  formation  of  the  dike-system  itself  was  accompanied  by  a  local  ver- 
tical upheaval,  thas  increasing  the  relative  height  of  the  beds  which 
afterward  owe  the  position  they  retain  directly  to  the  influence  of  the 
intmsive  volcanic  material. 

VarioQS  conditions  nnder  which  the  dike-rock  mast  have  cooled,  have 
prodaeed  di£Perent  physical  characters.  While  some  of  them  withstand, 
most  Boccessfally,  the  atmospheric  and  other  erosive  agents,  others 
readily  disintegrate  by  breaking  into  more  or  less  angular  fragments, 
which  are  not  long  sustained  at  the  points  of  their  original  occarreuce« 
batf  rolling  down,  form  a  talas  along  the  base  of  the  dike.  The  influ- 
ence  of  dike-occarrences  apon  local  orographic  features  is  one  not  to  be 
underestimated.  Although  apparently  unimportant,  when  seen  only  in 
a  single  representative,  they  develop  the  ability  of  totally  changing  the 
&oe  of  a  region  wherever  they  may  be  found  in  sufficient  numbers  and 
in  the  proper  arrangement  for  that  purpose. 

SPECIAL  FEATURES.     ' 

As  special  features  the  varioud  carious  results  of  erosive  agents  may 
he  briefly  alladed  to.    Among  these  we  may  count — 

Caves  and  tunnels. 

Arches  and 

"  Monuments. " 

Caves  may  owe  their  formation  to  various  causes.  Prominent  among 
these  are  subsidences,  excavation  by  chemico-physical  agency,  and  ero- 
non  in  its  widest  sense.  Only  the  last-named  enters  into  consideration 
here.  Most  frequently  si^ch  caves  are  met  with  in  sandstones,  volcanic 
beds,  and  hard  conglomerates.  They  are  due,  mainly,  to  the  existence 
either  of  strata  or  locally  circumscribed  spots  that  are  composed  of  ma- 
terial disintegrating  more  readily  than  its  surroundings.  Percolating 
waters  penetrate  to  any  depth  that  has  ever  been  examined,  and  should 
they  reach  such  a  stratum  or  portion  of  stratum  which,  for  instance, 
was  exposed,  the  action  of  the  water  alone,  more  particularly,  however, 
that  of  the  ifrozen  water,  would  produce  a  gradual,  successive  scaling 
off  of  certain  parts,  until  an  oi)ening  in  proportion  to  the  extent  of  the 
yielding  rock  is  formed.  Adjoining  strata  will  also  be  attacked,  but 
soffer  less  than  the  soft  inclosure. 

Arches  are^  in  d^se  they  are  produced  by  erosion,  the  most  complete 
form  of  caves  formed  by  the  same  agents.  It  is  natural  that  they  can- 
not occur  unless  the  conditions  are  very  favorable.  It  is  again  a  softer 
stratum  or  porti6n  of  the  stratum  that  is  attacked.  Instead  of  having 
the  face  of  a  bluff,  however,  we  must  have  either  an  isolated  group  or 
narrow  wall  of  the  rock.  Then  the  susceptible  parts  are  subjected  to 
erosive  agents  from  both  sides.  Gradually  losing  more  and  more  ma- 
terialy  the  wall  becomes  thinner,  until  finally  the  aperture  is  cut  en- 
tirely through^  and  the  arch  is  completed.  Subsequent  erosion  will 
give  it  outlines  that  are  in  conformity  with  the  original  extent  of  the 
soft  spot.  Another  method  of  formation  was  observed  in  an  isolated 
block  of  sandstone,  in  the  centre  of  which  there  was  an  opening  large 
enoagh  to  permit  the  passage  of  two  men  abreast.  It  was  there  no- 
ticed that  a  vertical  narrow  fissure  traversed  the  entire  height  of  the 
boge  block.    Water  accumulating  in  this  fissure  had  saturated  a  soft 
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interstratam,  and  the  succeeding  frosts  and  thaws  had  eventaally  pro- 
duced the  arch. 

Four  kinds  of  <^  monuments"  may  be  distinguished.  More  frequently 
met  with  than  any  others  are  those  composed  entirely  of  sandstone* 
Then  follows  the  form  having  a  pedestal  of  shale  and  a  sandstone  cap. 
Monuments  eroded  from  compact  conglomerate  are  frequent  in  certain 
localities.  One  class  of  occurrences  might  be  termed  ^^  accidental "  mon- 
uments. This  last  one  is  composed  of  some  eroded  material,' capped  by 
a  single*  erratic  bowlder^  which  has  its  origin  sometimes  far  distant. 
Aqaeoas  erosion  may  be  considered  as  the  primary  impulse  toward  the 
formation  of  sach  monuments.  Detail  features  are  subsequently  pro- 
duced by  atmospheric  agents,  and  by  sand  driven  before  the  wind.  All 
of  these  forms  depend  upon  naving  a  hard^  protecting  cap^  which  will. 
at  least  for  some  time,  prevent  a  disintiegration  and  eventual  removal 
of  the  more  or  less  regular  column  supporting  it.  A  great  deal  has 
been  said  and  written  about  the  famous  groups  of  Oolorado,  belonging 
to  this  category,  so  that  this  brief  allusion  to  their  existence  must  suf- 
fice. By  their  peculiar  and  picturesque  appearance  they  attract  the 
eye  of  even  a  passing  traveller,  and  have,  therefore,  become  justly  re- 
nowned. 

DRIFT. 

Water,  flowing,  has  the  most  pronounced  action  upon  drift  In  dis- 
cussing the  latter,  avalanchial  drift  will  not  be  considered,  but  only  that 
deposited  directly  by  ice  or  water.  So  far  as  the  result  of  erosion  is 
concerned  the  effect  upon  the  two  is  essentially  the  same.  Both  precipi- 
tated and  flowing  water  have  a  tendency  to  remove  from  the  drift  the 
smaller  portions  of  detritus  and  the  slight  accumulations  of  clay  and 
sand  and  silt.'  Thus  the  final  result  wonld  be  an  accumulation  of  erratic 
bowlders,  without  any  sand  or  clay  connecting  the  single  pebbles.  As 
a  rule  this  final  result  is  not  achieved,  however,  because  the  same  water 
that  removes  sand  and  silt  from  one  locality  deposits  it  within  the  drift- 
area  at  another.  An  accumulation  of  the  smaller  drift  particles  forms 
alluvial  soil.  Here,  too,  the  endeavor  is  constantly  noticeablato  remove 
finer,  lighter  particles  and  leave  only  the  heavier  ones.  Were  it  not  for 
the  unceasing  supply  from  other  sources,  our  alluvial  soil  would  even- 
tually disappear  as  such.  Deep  ravines  and  gorges  are  cut  into  the 
drift  by  flowing  water,  and  large  quantities  of  it  are  thereby  trans- 
ported to  other  localities. 

All  rocks,  upon  disintegration  and  decomposition,  partial  or  complete, 
form  soil,  and,  dc'pendent  upon  the  lithological  constitution  of  the  origi« 
nal  rock,  this  soil  may  be  classified. 

CONCLUSIOlir. 

With  the  above  report  the  discussion  of  my  field-work  in  Colorado  is 
completed.  From  1873  to  1876,  inclusive,  I  was  engaged  in  studying 
the  geological  features  of  that  State  at  various  localities.  During  that- 
time  about  27,000  square  miles  were  surveyed  by  the  parties  to  which  I 
was  attached.  By  an  excellent  arrangement  of  the  field-parties,  I  was 
enabled  to  explore  contiguous  areas  during  the  three  first  years.  Their 
extent  amounted  to  about  23,200  square  miles.  It  is  evident  that  thus 
the  work  was  greatly  facilitated.  By  being  able  to  trace  the  same  forma- 
tions over  so  large  an  area  many  points  in  question  were  cleared  up 
that  otherwise  must  have  remained  doubtful.  Correlations  of  forcna- 
tious  and  groups  appeared  in  a  more  definite  light,  and  were  more 
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readily  recognized.  Were  it  possible  that  the  geolofin'st  could  enter  the 
field  nith  completed  maps  in  bis  band,  bis  work  might  be  more  thor- 
ooghly  done,  his  time  could  be  devoted  more  satisfactorily  to  points  re- 
qairing  special  investigation,  and  bis  results  presented  would  necessa- 
rily have  a  greater  value.  Wherever  topographer  and  geologist  can 
work  in  perfect  nnison,  however,  this  feature  of  comparative  iucomplete* 
Dess  can,  id  a  great  measure,  be  obviated. 

At  tbis  place,  at  the  close  of  my  field-work  in  Colorado,  it  may  be 
justifiable  to  present  a  brief  synopsis  of  the  observations  made  and  de- 
ductions drawn  therefrom.  Much  will  be  but  a  repetition  of  what  has 
been  stated  in  the  ^^conclusions''  of  preceding  years.  By  presenting, 
however,  the  sum  of  the  results  in  a  concise  manner,  a  more  con- 
nected view  of  the  entire  subject  may  be  obtained.  It  is  evident  that, 
in  spite  of  the  large  area  covered,  many  omissions  of  characteristic 
features  of  each  formation  will  occur.  In  such  cases  references  will  be 
made  to  the  work  of  others  where  the  wanting  members  are  supplied. 

A  formidable  array  of  formations  presents  itself  for  discussion.  Some 
of  them  are  entirely  unique  in  their  character,  others  offer  much  difii- 
enltyasto  ultimate  position  in  classification.  Slowly  are  we  gaining 
definite,  applicable  knowledge  of  our  Western  groups.  Instead  of  being 
studied  as  such,  their  relations  to  over-  and  under-lying  formations  are 
now  a  matter  of  serious  consideration.  Viewed  thus,  from  a  more 
objective  stand-point,  there  is  every  promise  of  a  comparatively  speedy 
settlement  of  questions  that  have  heretofore  agitated  geologists  and 
others.  In  the  subsequent  pages  a  chronological  succession  of  the  for- 
niations  will  bo  observed.  An  exception  is  made  in  the  case  of  the 
metalliterons  deposits,  which  certainly  have  not  all  been  formed  at  the 
same  geological  period. 

PBOZOIO. 

In  preference  to  the  word  "azoic,''  I  use  the  term  "  prozoic."  It  pre- 
sents a  more  ready  definition  than  the  former  of  the  idea  that  it  is  in- 
tended to  convey.  Many  groups  of  geologic*d  epochs  are  "azoic,"  but 
by  no  means  was  their  genesis,  as  such,  prior  to  the  appearance  of  life 
npon  the  earth. 

Belonging  to  this  group  we  have,  in  Southern  Colorado,  quite  an  ex- 
tensive series.  It  comprises  gneisses,  granites,  various  schists,  and 
diorites.  Of  these  the  first-named  appear  to  be  the  oldest.  Their 
position  as  such  may  be  inferred  from  their  relations  to  the  granites, 
more  particularly.  Associated  with  them  are  micaceous,  chloritic.  and 
hornblendio  schists;  all  of  these,  however,  in  subordinate  quantities, 
owing  their  existence,  essentially,  to  the  seemingly  aox3identsil  predomi- 
nance of  the  one  or  other  constituent  mineral.  It  often  becomes  a 
matter  of  considerable  difficulty  to  discriminate  between  prozoic  and 
metamorphic  rocks.  But  few  points  can  be  used  in  evidence  for  one  or 
the  other  view,  owing  to  peculiar  relative  associations.  Petrographic 
characters  avail  very  little,  excepting  in  case  we  find  diorites.  By  far 
more  varied  and  of  enormous  development  are  the  members  of  the  suc- 
ceeding group.   , 

HK7AMOBPHI0S. 

Large  areas  of  the  districts  surveyed  are  covered  by  rocks  of  this 
group.  They  represent  an  almost  endless  variety.  In  the  reports  of  each 
year  they  have  been  discussed  and  their  special  features  have  been  noted. 
It  is  a  difficult  matter  to  draw  the  line  of  distinction  between  the  pre- 
ceding and  tbis  group.    Altbougb,  as  a  rule,  the  physical  characteristics 
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furnish  Btrong  eTidence  in  favor  of  the  one  or  other  assamptioii,  tbe 
namber  of  variations,  litbologically  and  structurally,  are  sufficiently 
great  to  produce  a  certain  amount  of  confusion.  As  definite  and  usaally 
well-determined  features  of  metamorphic  rocks,  we  may  regard  petro- 
graphic  character  in  general,  recurrence  of  certain  lithological  charac- 
teristics in  the  same  horizon,  partial  or  complete  stratification,  and  the 
occurrence  of  certain  minerals  within  definitely  located  vertical  limits. 
In  several  instances  localities  may  be  observed  where  the  transition 
from  undoubted  sedimentary  into  metamorphic  beds  was  evident.  This, 
however,  must  be  considered  as  an  exception  rather  than  the  rale. 
Within  the  districts  I  have  examined,  a  few  cases  of  this  kind  were 
found,  and  aided  materially  in  interpreting  analogous,  though  not  such 
unmistakable  occurrences. 

Gneiss  may  be  regarded  as  the  oldest  metamorphic  rock  in  the  dis- 
tricts examined.     Its  relative  normal  position  to  granite  was  estab- 
lished at  several  points.    A  number  of  varieties  occur,  due  in  part  to 
the  texture  of  the  rock,  due  in  part  to  inclosed  accessory  minerals. 
Among  these  garnets,  hornblende,  and  crystals  of  feldspar  are  the  iDOst 
prominent.    A  diminution  or  total  absence  of  this  latter  mineral,  which 
is  part  of  the  typical  gneiss,  causes  it  to  change  into  micaceous  schists 
Accessions  of  hornblende,  or  chlorite,  frequently  entirely  supplanting' 
the  mica,  transform  the  rocks  into  hornblendic  and  chloritic  schists. 
Similar  to  an  arrangement  observable  in  the  gmnites,  such  changes  often 
remain  very  constant  in  the  same  horizon,  in  proof  of  the  metamorphic 
character  of  the  lithological  group.    The  older  sedimentary  formations 
have,  in  many  instances,  furnished  material  for  the  formation  of  gneisses 
and  allied  rocks.    From  the  chemical  composition  of  these  we  can  draw, 
to  a  certain  extent,  inferences  as  to  the  former  unchanged  condition  of 
the  beds  to  which  they  owe  their  present  existence.    An  incomplete 
knowledge  of  the  exact  powem  of  the  metamorphosing  agents,  as  well 
as  of  the  manner  in  which  such  powers  manifest  themselves,  precludes 
apy  argument  destined  to  establish,  with  certainty,  the  nature  of  the 
rocks  before  their  metamorphosis. 

Schists, — Micaceous,  hornblendic,  and  chloritic  schists  occur,  as  snch, 
associated  with  other  metamorphic  rocks.  Frequently  they  are  duo  to 
substitution  of  minerals  within  the  gneiss,  but  they  also  are  found 
totally  independent  thereof.  As  metamorphics  they  are  the  result  of 
changed  rocks  that  in  their  original  condition  showed  a  different  chemi- 
cal composition  and  physical  structure  from  those  furnishing  the  gran- 
ites. If  a  suggestion  may  be  offered,  which,  however,  cannot  at  pres- 
ent be  proved,  I  would  say  that  argillaceous  sandstones  form  granite. 
With  the  decrease  or  increase  of  argillaceous  matter  in  the  sandstone, 
the  quantity  of  feldspar  in  the  granite  stands  in  direct  proportion. 
Silicious  sandstones  form  quartzites.  Shales,  arenaceous  in  part,  are 
changed  into  gneisses,  and  if  the  quartz  in  them  is  predominant  they 
turn  into  schists.  Admixtures  of  ferric  oxygen  compounds  may  resnlt 
in  the  formation  of  hornblendic  and  chlorttic  minerals,  provided,  in  the 
latter  case;  that  magnesia  be  present.  These  deductions  suggest  them- 
selves from  the  observations  made  in  the  Quartzite  Mountains,  more 
particularly. 

Quartzite, — Although  generally  quartzite  cannot  be  classed  with  the 
metamorphic,  but  metamorphosed  rocks,  we  have  found  an  instance 
where  it  undoubtedly  belongs  to  the  former  group.  In  the  Quartzite 
3ionntains,  enormous  quantities  of  this  material  form  high  mountains. 
A  very  complete  alteration  of  the  original  sandstone  has  taken  place,  so 
*^*\t  now  the  single  fragments  resemble  very  closely  pare  quartz. 
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Stratification  has  been  retained  in  a  measure,  and  were  it  not  for  the 
fact  the  qaartzites  there  appear  to  be  even  older  than  the  contiguous 
gueisses,  schists,  and  granites,  they  could  readily  be  regarded  as  merely 
cbaoj^  by  some  locally-acting  force,  and  not  by  that  which  is  desig- 
nated at  eatogeneous.  In  all  its  relations  this  quartzite  agrees  closely 
vith  the  gronps  above  enumerated.  It  shows  varieties,  dependent  upon 
admixturesof  accessory  minerals,  and  has  preserved,  though  in  a  changed 
form,  the  characteristic  of  a  sedimentary  group. 

Granite  may  be  regarded  as  the  best  represented  species  of  this  group. 
It  is  both  the  most  widely  extended  and  the  one  showing  the  greatest 
namber  of  variations.  Its  usual  composition,  feldspar,  quartz,  and 
mica,  is  changed  proportionally  by  predominance  of  one  or  the  other 
mineral,  and  thus  are  distinct  varieties  produced.  Accessory  minerals, 
sach  as  hornblende,  tremolite,  tourmaline,  zircon,  magnetite,  and  others 
impart  to  it  local  characteristics  that  will  be  found  to  t>e  constant 
within  certain  limits.  Bands  or  zones,  almost  strata,  of  specifically 
different  granite  may  be  seen  iu  definite  horizons  within  the  heavy, 
balkj  masses  comiK)sing  a  range  or  chain  system.  These,  more  par- 
ticularly, furnish  acceptable  evidence  of  the  inetamorphic  character  of 
tbe  rocks  under  observation.  Interbedded,  if  tbe  term  can  be  used,  are 
not  nnfrequently  gneisses  and  schists,  the  latter  showing  a  number  of 
varieties.  In  the  districts  which  I  examined,  the  metamorphic  granites 
fonn  a  very  prominent  feature.  Younger,  generally,  than  the  schistose 
rocks  occurring  near  or  with  them,  they  form  high,  steep  ranges  or 
series  of  smaller  ones  connected  by  the  same  material.  In  tbe  Quartz- 
ite Mountains  their  genesis  could  most  favorably  be  studied.  There 
the  direct  transition  from  sedimentary  beds  into  typical  granite 
was  observed.  In  case  a  detail  survey  could  be  made  of  that  locality, 
I  am  persuaded  that  the  very  beds,  unchanged  and  metamorphosed, 
could  be  identified.  So  far  as  my  observations  extend,  I  am  inclined 
to  regard  a  very  great  portion  of  granites  in  Southern  Colorado  as  meta- 
morpbosed  Silurian,  Devonian,  and, in  rare  instances,  even  Carboniferous 
strata.  These  formations  have  furnitjihed  the  material  which,  by  plu- 
tonic  activity,  has  been  transformed  into  the  con<lition  iu  which  we  now 
hii  it.  No  doubt  much  of  the  pre-Silurian  material  has  been  subjected 
to  a  treatment  attaining  the  same  end,  but  we  have  direct  evidence 
pointing  to  the  fact  that  jounger  formations  al^o  have  been  utilized. 
It  is  not  the  purport  of  this  paper  to  enter  into  details  regarding  miu- 
^ralogical  constitution  of  the  various  granites  observed.  Keferences 
thereto  will  be  found  in  the  Annual  Reports  of  tbe  Survey.  Gradual 
or  more  rapid  cooling  of  the  metamorpbosed  masses  has  resulted  in  the 
production  of  many  varieties.  All  of  these,  however,  can  be  recognized 
&8  belonging  to  one  great  system. 

Uetamorpbics  generally  form  pirominent  topographical  features,  easily 
i^^nizable,  and,  as  a  rule,  determining  the  character  of  tbe  country. 
Their  behavior  with  reference  to  erosive  agents  has  been  discussed  iu 
Chapter  III  of  this  report. 

SILURIAN. 

In  various  parts  of  Colorado,  Silurian  beds  have  been  observed. 
Ihey  crop  out,  at  lengthy  intervals,  along  the  Fronc  Bange.  In  the 
interior  of  the  State  the  Silurian  formation  reaches  a  greater  develop- 
ment. Within  the  districts  I  have  examined,  I  found  it  in  1873  and  1874. 
^e  first  observed  was  in  the  vicinity  of  the  Arkansas  Eiver,  both  north 
^d  south  of  it.    Again,  it  was  seen  near  the  Animas  Biver^  in  Southern 
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Colorado.  In  both  iDstances  the  beds  belonged  to  the  Potsdam  Oronp, 
consisting  of  Potsdam  sandstone  and  the  calciferoas  series,  or  portioa 
thereof.  Dr.  HaydeD  and  Dr.  Peale  have  observed  the  same  formations* 
in  the  regions  examined  by  them.  Tbey,  too,  refer  the  beds  to  the  same 
groups.  Dr.  Pealet  suggests  the  existence  of  the  Trenton  or  perhaps 
even  Niagara  Gronp.  He  places  the  total  thickness  of  Silurian  strata, 
as  observed  by  himself,  at  about  820  feet. 

At  best,  the  Silurian  of  Colorado  is  of  but  subordinate  importaDce, 
as  such,  in  the  scale  of  sedimentary  tbrmations.  So  far  as  I  could  de- 
termine, it  has  furnished,  in  a  number  of  instances,  the  material  for 
metamorphic  rocks.  Plutonic  activity  has  so  thoroughly  changed  the 
original  character  of  the  beds,  that  little  more  than  a  guess  dare  be 
ventured  regarding  the  former  condition  of  what  now  we  find  to  he 
granites,  schists,  and  other  kindred  rocks.  The  groups  above  men- 
tioned have  been  determined  by  fossil  remains,  and  their  paralleliza- 
tion  with  beds  occurring  in  the  eastern  portion  of  the  North  Ameri- 
can continent  is,  therefore,  well  established.  Their  occurrence  farther 
north  of  Colorado  and  their  identification  within  Dakota,  Idaho^  Wyom- 
ing, and  Montana,  point  to  a  considerable  invasion  of  the  western  con- 
tinent during  the  earliest  sedimentary  times.  It  is  the  Silurian  forma- 
tion^ mainly,  that  can  furnish  indications  as  to  the  distribution  of  land 
and  water  during  the  period  immediately  preceding  the  first  well-au- 
thenticated appearance  of  life. 

DEVONIAN. 

At  a  number  of  localities  this  formation  occurs.  It  becomes  a  difficult 
matter  to  draw  closely  the  lines  of  separation  between  both  the  older 
Silurian  and  the  younger  Carboniferous.  Essentially  we  have  in  iSonth- 
ern  Colorado  a  very  extensive  series  of  limestones,  representing  the  De- 
vonian formation.  Jnterstrata  of  shales  aud  sandstones  occur  near  the 
base  and  near  the  top.  On  the  Animas  the  most  complete  development 
was  observed.  At  that  locality  a  considerable  portion  of  the  Devonian 
beds  had  been  subjected  to  metamorphosing  agents,  together  with  the 
Silurian.  I  am  inclined  to  the  opinion  that  this  has  taken  place  in  a 
large  number  of  instances,  comparatively  si)eaking,  but  at  present  the 
original  beds  have  so  completely  lost  their  identity  that  they  can  no 
longer  be  recognized.  From  the  imperfect  data  that  could  only  be  ob- 
tained with  reference  to  this  formation,  it  is  almost  impossible  to  make 
any  comparison  of  our  Western  (Colorado)  Devonian  with  Eastern  groups. 
Should  any  one  be  suggested,  we  may  find  that  the  large  portion  will  be 
parallel  to  th«^  Lower  Devonian  groups  of  the  East.  A  prominent  feature 
in  the  Western  Devonian  is  the  intermingling  of  Devonian  with  Lower 
Carboniferous  types.  This,  too,  can  be  observed  in  those  beds  usually 
assigned  to  the  Carboniferous  proper. 

*  CABBONIFEBOUS. 

Into  three  main  groups  has  this  formation  been  divided.  The  lowest 
or  oldest  one  consists  of  massive  beds  of  limestones.  It  is  followed  by 
a  series  of  sandstones  and  shales,  containing  heavy  strata  of  limestone 
occasionally.  A  very  characteristic  red  sandstone  of  great  thickness 
concludes  the  formation.  Within  this  latter  group  interstrata  of  lime- 
stones occur.    They  are  fossiliferous  and  have  determined  the  age  of  the 

-  Rep.  U.  8.  Geol.  Sarv.,  1874,  pp.  41,  111,  and  Rep.  1873,  p.  202, 
t  Rep.  U.  S.  GeoL  Sarv.,  1871^  p.  113. 
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farmer.  Dr.  Peale*  bas  recognized  a  PermiaD  or  Permo-Carboniferons 
division.  Id  my  districts  I  have  not  observed  this.  Throagboat  the 
State  the  Garbouiferoas  formation  is  well  characterized  by  fossils,  saffl- 
iieutly  to  set  at  rest  all  doubt  regarding  the  identity  of  the  groaps.  It 
may  be  noticed  that  Carboniferoas  beds  have  in  Soathern  Colorado  beea 
Bobjected  to  considerable  contortions.  Plications  of  a  complex  nature, 
faolting,  and  overturns  denote  the  exercise  of  an  enormous  force.  So 
Oxrascan  be  determined,  these  disturbances  must  have  taken  place 
doring  a  period  of  time  subsequent  to  the  deposition  of  the  older  Greta- 
ceoas  beds.  Cnless  it  is  possible  to  extend  observations  over  a  large 
area  it  will  be  no  easy  matter  to  recognize  this  fact.  Garboniferous 
waters  seem  to  have  covered  almost,  it'  not  entirely,  the  area  occupied 
before  then  by  Silurian  and  Devonian  deposits.  From  this  it  may  be  in- 
ferred that,  within  the  regions  under  discussion,  no  appreciable  disturb- 
aocee  can  have  taken  place  before  the  adventof  the  Garboniferous  period. 
Although  a  large  mass  of  sediment  had  been  det)osited  before  the  Meso- 
a)icera»  yet  plutonic  activity  seems  to  have  remained  almost  dormant 
Dp  to  that  i)er]od.  We  find  very  little  evidence  of  any  old  eruptions 
which  in  other  continents  are  not  wanting. 

A  number  of  ranges  are  composed  largely  of  Garboniferous  strata. 
Amoug  them  the  upper  group — ^Arkansas  sandstone— forms  a  very 
prominent  feature.  The  Sangre  de  Gristo  Range  is  flanked  on  either 
side  by  beds  belonging  to  this  series,  and  elsewhere  similar  cases  may 
be  observed.  Any  attempt  at  parallelizing  the  Garl)oniferous  forma- 
tioo  of  Golorado  with  foreign  standards  is  a  thankless  task.  We  have 
OUT  own  peculiar  arrangement  and  cannot  readily  compare  it  with  any 
other  known. 

TBIAS. 

Usually  the  Jnra  and  Trias  of  Golorado  are  combined  in  any  descrip- 
tion given  thereof.  After  reviewing  all  available  material  I  have  come 
to  the  conclusion  that  it  is  perfectly  justiflat)le  to  separate  them.  A 
total  absence  of  palseontological  remains  within  the  limits  ascribed  to 
tiie  Trias  is  very  much  to  be  regretted.  Gould  any  characteristic  fossils 
be  found,  it  would  set  at  rest  the  question  of  age.  Jurassic  beds  exist 
in  the  western  portion  of  our  continent,  and  the  only  doubt  remaining 
is  whether  or'  not  the  "  Bed  Beds"  should  be  added  to  the  Jura.  The 
total  absence  of  fossils  in  the  Bed  Beds  argues  ))rimarily  against  the 
AiaioD.  Lithologically,  of  course,  the  differences  between  the  two  are 
^ery  great.  First  of  all,  this  very  characteristic  led  to  the  identifica- 
tioD  as  Trias. 

In  case  any  comparison  between  the  beds  of  our  Western  Trias  with 
that  of  Europe  were  attempted,  we  would  find  that  it  agrees  remarkably 
well  with  the  youngest  member  of  the  same  European  formation.  The 
"Keuper^of  Germany — "Marnes  Irishes"  of  France— show  the  same 
detail  features  that  we  observe  in  the  West.  Arrangement  of  strata, 
i^trographic  and  chemical  constitution  thereof  are  almost  identical.  It 
is  certainly  not  admissible  to  identify  formations  by  their  physical 
ehmctertstics  alone.  Taking  into  consideration,  however,  the  super- 
position of  Jurassic  beds  in  connection  with  such  features,  the  division, 
ooce  made,  may  be  sustained. 

All  along  the  Front  Bange  the  Triassic  beds  occupy  prominent,  simi- 
lar positions,  until  towards  the  south  they  no  longer  appear ;  west  of 
tbe  Front  Bange  they  also  occur,  but  not  so  continuous  as  at  the  locality 
ilTBt  mentioned.   It  appears  that  at  but  very  few  places  the  Triassic 

•Eep.  U.  8.  GeoL  Surv.,  1674,  p.  117. 
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"waterR  ooald  extend  westward  of  the  maio  axis  of  the  Front  BaQgre,  bat 
they  foaiid  ingress  at  other  points.  In  their  lithological  character,  the 
strata  of  the  Triassic  formation  are  very  constant.  So  thorongbly  com- 
plete is  this  constancy  that  it  is  no  exaggeration  to  say  that  the  forma- 
tion can  readily  be  recognized  at  a  glance. 

JUBA. 

Wherever  I  observed  this  formation  within  my  districts,  it  was  Id  vari- 
ably associated  with  Triassic  beds.  The  two  are  inseparable  in  Soath- 
ern  and  Western  Colorado.  Were  it  not  for  the  marked  difference  in 
color  between  Trias  and  Jnra,  it  wonld  not  be  easy  to  distinguish  the  two 
from  each  other.  Neither  in  general  conflgaration  of  the  surface  ^cvhere 
the  Jurassic  beds  are  exposed,  nor  in  the  general  lithological  character,  do 
they  present  any  markedly  distinctive  features.  Instead  of  dolomitic 
interstrata,  as  in  the  Triassic  group,  we  here  have  calcareous  ones. 
These  at  many  localities  carry  fossils  in  great  numbers. 

North  of  Colorado  the  Jura  is  by  far  better  developed;  its  appearance 
there  is  more  typical,  as  compared  with  older  and  younger  formations. 
No  identification  with  European  horizons  seems  possible.  If  the  com- 
parison may  be  used,  it  might  be  said  that  the  Western  Jurassic  appears 
very  much  as  if  the  remnants,  incomplete,  of  the  European  standard  sac-  * 
cession  had  been  utilized  in  making  it  up.  Within  a  very  limited  verti- 
cal space  our  Western  Jura  contains  fossils,  the  representatives  of  which 
in  Europe  are  many  hundred  feet  apart. 

CBETAOEOUS. 

For  thisformation  weacceptin  Colorado  threegroups.  Experience  has 
shown  that  over  the  vast  area  of  that  State  they  can  readily  be  distin- 
guished and  remain  constant  in  their  relations.  So  far  as  palseontologicai 
remains  are  concerned,  Colorado  has  not  furnished  an  exceptionally  rich 
yield.  The  fossils  that  do  occur,  however,  are  sufficiently  characteristic 
and  varied  in  form  to  admit  of  defitiite  classification  of  the  beds  con- 
taining them.  It  is  not  to  be  denied  that  generally  the  horizons  in  ques- 
tion have  been  recognized  mainly  by  the  aid  of  lithological  features. 
Acceptable  as  this  may  be  with  regard  to  any  given  formation  within  a 
restricted  area,  it  is  a  method  liable  to  lead  to  erroneous  interpretations- 
It  becomes  a  matter  of  vital  importance,  therefore,  to  determine,  as 
speedily  as  possible,  in  how  far  we  are  justified  in  relying  upon  |)etro- 
graphic  characteristics,  taking  into  consideration  horizontal  and  verti- 
cal distribution.  Although  certain  shales  or  sandstones  may  be  found, 
apparently,  identical  with  others  well  determined,  they  may  and  fre- 
quently do  contain  fossils  of  a  totally  diffeient  geological  age.  This 
fact  must  be  remembered  and  taken  into  consideration  when  the  groups 
of  the  Cretaceous  formation  are  treated  of. 

Dakota  Group. — ^Usually  the  members  of  this  group  rest  directly  upon 
the  Jurassic  beds.  In  that  case,  they  are  invariably  perfectly  conform- 
able, partake  of  the  same  stratigraphical  features,  but  are  set  off,  if 
more  or  less  steeply  inclined,  in  the  form  of  hogbacks.  In  Southern 
Colorado,  however,  we  find  that  the  Triassic  and  Jurassic  beds  are  fre- 
quently wanting,  and  then  the  Dakota  sandstones  immediately  gverlie 
the  Upper  Carboniferous  Group.  In  such  cases  stratigraphical  con- 
ditions occur  that  closely  resemble  unconformabilities.  Throughout 
the  districts  examined,  the  character  of  the  Dakota  Group  was  a 
very  uniform  one.    Massive  sandstones  near  its  base  gradually  change 
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into  thinDer  beds,  separated  from  each  other  by  bands  of  shale.  Near 
the  top  of  the  group  thin  seams  of  coal  set  in.  At  a  namber  of  local- 
ities this  coal  resembles  a  semi-anthracite.  This  is  due  in  part  to  its 
greater  age,  in  part  to  the  inflaence  of  volcanic  material  that  has  trav- 
ersed the  beds.  As  a  rule,  the  Dakota  sandstones,  if  displaced  from 
their  normal  horizontal  position,  form  prominent  features  of  the  land- 
icape.  Hard  as  the  strata  are,  they  can  successfully  resist  disintegra- 
tion, and  present  an  appearance  in  the  hogbacks  at  once  striking  and 
eharacteristic. 

Colorado  Group. — This  middle  group  of  the  Cretaceous  is  thoroughly 
characteristic  in  every  respect.  Lithologically  it  is  detinitely  distin- 
guished from  all  underlying  formations,  and  its* fossils  are  such  as  to 
readily  admit  of  identiflcation.  It  is  a  noticeable  fact  that  as  we  pro- 
ceed southward  in  Colorado  the  vertical  dimensions  of-  the  Colorado 
Group  are  subject  to  change.  We  there  find  that  the  thickness  of  the 
beds  is  by  far  increased,  that  the  nature  of  shales  is  somewhat  different, 
and  that  altogether  the  group  is  a  more  prominent  one  than  farther 
north.  A  striking  peculiarity  of  these  shales  is  the  increased  dip  they 
fihow  along  the  edges  of  any  mountain  range  or  chain.  It  is  evident 
that  the  gradual  rise  of  the  mountains,  requiring  more  surface-area  than 
before  the  elevation,  must  have  had  a  very  great  effect  upon  the  adjoin- 
ing sedimentary  groups.  Incident  upon  this  rise  is  the  tilting  of  the 
beds.  The  physical  constitution  of  the  shales  appears  to  have  been 
such  that  they  were  more  susceptible  to  such  influences  than  the  under- 
and  over-lying  strata.  It  may  be  that  a  process  of  mechanical  or  chem- 
ical hydration  caused  the  shales  to  expand  in  a  vertical  dimension,  thus 
producing  an  effect  more  than  commensurate  with  the  elev.ation  initiat- 
ing the  change  of  position.  On  the  other  hand  it  cannot  be  denied  that 
the  general  appearance  of  such  localities  is  one  that  at  first  glance  sug- 
gests a  depression  subsequent  to  the  main  elevation.  Both  causes,  per- 
hapsv,  have  combined  to  produce  the  result  observed. 

Near  the  highest  strata  of  the  Colorado  Group  we  again  find  seams 
and  beds  of  coaL  They  are  mostly  valueless,  being  too  small  to  be 
worked. 

■For  Hills  Oronp. — ^With  this  division  the  Cretaceous,  formation  is 
dosed.  As  belonging  to  it  we  count  the  extensive  series  of  shales  and 
sandstones  reaching  from  the  Colorado  Group  to  the  ^Uignitic"  beds. 
Ooal  is  found  at  several  horizons  in  the  Fox  Hills  Group  within  Colorado. 
Good  workable  beds  occur  on  the  Animas  and  at  other  places.  The  group 
is  a  characteristic  one,  retaining  what  may  be  termed  a  ^'  Cretaceous 
babitat."  It  is  in  harmony  with  the  preceding  ones  lithologically  and 
palaeontologically.  All  of  these  three  Cretaceous  groups  occupy  exten- 
^ve  areas  in  Colorado,  more  particularly  in  the  southern  and  south- 
western portions  of  the  State. 

POST-OBE^TAGEOUS. 

This  formation,  which  may  be  regarded  as  the  coal-bearing  series 
proper  of  the  Bocky  Mountains,  has  long  since  been  designated  as  the 
Wamie  Group.  For  reasons  based  upon  palsBontological  and  other 
grounds,  it  is  no  longer  referred  either  to  the  Cretaceous  or  Tertiary 
formation  by  some  of  the  geologists  who  have  examined  it.  It  is  more 
ifl  conformity  with  the  progress  of  geological  science  thus  to  regard  the 
Wamie  Group  as  a  separate  formation  than  to  assign  it  either  to  an 
older  or  a  younger  one,  with  neither  of  which  it  sufficiently  agrees. 
Classification  in  science  is  but  the  expression  of  the  summarized  knowl- 
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edge  we  have  of  any  given  subject  at  a  given  time.  In  case,  therefore, 
if  we  have  conie  to  definite  couclasious  regarding  the  existing  or  want- 
ing affinities  of  a  particular  group,  we  can  most  readily  express  oar  con- 
victions by  applying  to  the  group  the  conventional  systematic  term 
equivalent  thereto.  8ucb  I  deemed  necessary  in  this  instance.  Instead 
of  regarding  the  **  Laramie  Beds"  as  simply  a  group  of  one  or  the  otbei 
formation,  I  treat  it  as  an  independent  formation.  It  possesses  its  own 
peculiar  characteristics,  it  .brings  to  its  highest  development  and  essen- 
tially closes  a  chapter  in  the  book  of  geological  history. 

Within  my  districts  the  largest  development  of  tlie  Laramie  forma- 
tion is  found  in  the  Baton  Hills.*  Near  Ga&on  City  another  outcrop 
of  it  occurs,  and  again  I  found  it  on  the  west  slope  of  the  Great  Setback 
in  the  White  River  district.  The  exposures  in  Southern  Colorado  show  a 
far  greater  vertical  as  well  as  horizontal  development.  There  the  foriDa- 
tion  reaches  a  thickness  of  about  2,700  feet,  and  expands  over  a  large 
area  of  country.  Si>ecial  features  have  been  described  in  the  varioas 
reports.  The  coal  obtained  from  banks  belonging  to  the  Laramie  is  the 
^^  lignite"  of  the  West.  In  the  strict  acceptation  it  is  not  a  lignite,  but 
a  bituminous  coal,  some  of  which  is  coking,  while  other  portions  or  veins 
are  non-coking.  For  ordinary  economic  purposes  the  coal  answers  very 
well,  and  its  present  employment  in  this  way  is  satisfactory.  Enormous 
quantities  of  it  are  hidden  away  awaiting  but  the  active  hand  of  the 
miner,  which  shall  bring  it  forth  and  render  it  subservient  to  the  uses 
of  man. 

TERTIARY. 

In  the  districts  I  have  examined  in  Colorado  I  have  observed  two 
groups  of  the  Tertiary  formation.  Local  deposits  of  small  exU^nt  belong- 
ing to  the  Miocene  period  occur  at  a  few  isolated  lociilities.  They  are  in 
no  direct  connection  with  the  widely-extended  areas  elsewhere.  At  the 
same  time,  it  becomes  a  matter  of  some  difficulty  to  identify  them  with  any 
particular  portion  of  the  synchronous  groups.  This  characteristic  will  be 
found  to  hold  good  for  a  large  number  of  the  Western  Tertiary  localized 
groups.  Whenever  or  wherever  the  connection  between  such  groups  and 
the  extended  series  of  contemporaneous  formations  can  be  established 
they  fall  into  their  places  very  naturally.  It  is  necessary,  tiierefore,  to 
examine,  first  of  all,  the  correlations  of  isolated  groups,  and  not  at  once 
distinguish  them  by  specific  names  that  only  add  to  subsequent  confa- 
sion  in  classification.  Those  small  groups  mentioned  above  as  existing 
in  Colorado  are  altogether  too  unimportant  to  be  distinguished  in  any 
marked  manner.  The  lar^rely  extended  series  of  Tertiary  beds  are  suffi- 
ciently characteristic  in  Colorado  to  admit  of  regularly  taking  their 
systematic  position. 

Wahsatch  Group  (Eocene). — The  largest  development  of  this  group 
occurs  in  Southern  Colorado.  In  the  district  of  1875  the  Laramie 
formation  is  wanting  near  the  Animas  drainage,  and  we  here  find  that 
the  Wahsatch  beds  rest  directly  upon  the  Fox  Hills  Qroup.  Their  lowest 
strata  compose  that  series  which  Cope  has  named  the  Puerco  marls. 
Above  that  the  alternating  beds  of  sandstone  and  shale  set  in.  Again, 
we  find  Wahsatch  in  the  White  River  district.  It  there  overlies  tbe 
Laramie,  and  is  succeeded  by  the  Green  River  Group.  Wherever  ero- 
sion has  carried  away  the  superincumbent  beds  of  younger  age,  there 
the  Wahsatch  protrudes.  A  remarkable  regularity  of  stratigraphical 
condition  characterizes  the  beds  belonging  to  this  group  wherever  I 
have  observed  it  in  Colorado.    Coal  occurs  in  several  members  of  tbe 

*  Compare  Rep.  U.  S.  Geo.  Sorveyi  1875,  pg.  192. 
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groap.  Kowhere  have  I  seen  it,  however,  giving  promise  of  remunera- 
tioD  in  case  it  were  worked.  No  donbt  beds  may  be  fonnd  within  the 
districts  explored  that  wonld  eventually  fnrnish  an  acceptable  yield,  in 
ease  the  demand  for  coal  shoald  jnstify  their  development.  So  long  as 
not  even  the  coal  of  the  Laramie  age  is  utilized  to  its  full  capacity,  there 
will  probably  be  no  occasion  to  seek  in  the  Wahsatch  Group  for  fuel. 

Green  River  Group  (Miocene). — ^This  group  of  the  Tertiary  I  have  met 
▼ith  iu  Colorado  only  along  the  White  River.  There  it  is  very  typically 
develoi>ed.  Great  thicknesses  of  hard  shales,  of  white,  yellowish,  and 
greyish  color,  denoting  fresh- water  deposits,  characterize  the  group. 
It  has  been  fully  discussed  iu  the  preceding  pages  of  this  report,  and 
bat  little  remains  to  be  said.  During  my  examinations  I  have  not  found 
the  Green  River  beds  so  interesting  palsBontologically  as  it  is  in  many 
other  regions.  There  the  large  number  of  fossil  species  found  invest 
the  formation  with  great  interest.  As  is  the  case  with  nearly  all  groups 
of  similar  or  analogous  genesis,  certain  regions  were  by  far  better  sup- 
plied than  others  with  vegetable  and  animal  life  .during  the  period  of 
de|K)8ition.  Thus  we  may  find  that  the  flora  or  fauna,  as  preserved 
in  the  shales,  may  be  one  of  exceedingly  great  intercfdt  at  one  locality, 
while  bat  a  short  distance  off,  comparatively  speaking,  there  is  scarcely 
a  plant  or  an  animal  remaining  whereby  to  identify  the  strata. 

With  the  Green  River  Group  the  list  of  sedimentary  formations  that 
I  foQod  in  Colorado  is  exhausted.  The  local  deposits  termed  ^^  lake- 
beds"  more  properly  belong  to  the  category  of  drift  than  of  sediment- 
ary formations. 

VOLCANIC  FORMATIONS.* 

In  Colorado  we  find  several  distinct  types  of  volcanic  formations. 
Through  advantageous  grouping,  their  correlation  and  relative  ages 
can  readily  be  determined.  During  the  first  three  years  of  my  work 
1  encoantered  large  masses  of  volcanic  rocks  of  various  tyfies.  Their 
recognition  was  a  comparatively  easy  matter,  after  a  classification  had 
been  decided  upon.    Four  main  divisions  may  be  distinguished : 

TrachorheYtes, 
Porphyritic  Trachytes, 
Basaltolds,  and 
Dikes. 

Of  these  the  last  named  is  but  a  varying  form  of  occurrence  of  any  of 
the  preceding  divisions.  It  has,  for  that  reason,  been  placed  at  the  end 
of  the  enumeration,  which  is  in  chronological  order,  with  this  exception. 
Sat^b  of  the  divisions  will  be  discussed  briefly,  and  any  one  wishing 
additional  information  upon  the  subject  may  be  referred  to  the  annual 
reports  and  to  the  shortly  forthcoming  paper. 

IraekorheUes. — ^This  division  comprises  the  four  groups  of  Richthofen : 
I^fopylite,  andesite,  trachyte,  and  rhyolite.  Though  each  one  of  these 
i<i  Well  defined  and  characteristic  in  itself,  it  is  impossible  to  distinguish 
them  at  all  times  during  the  work  in  the  field.  Therefore  they  have  been 
designated  collectively  by  the  above*given  name. 

Propylite,  which  is  the  oldest  of  the  series,  I  have  not  recognized  in 
Oolorado.  It  may  be  that  it  blends  too  closely  into  the  audesite,  or 
even  trachyte,  or  it  may  be  wanting  altogether.  It  must  be  stated 
|bat  all  the  outpourings  of  lava  in  Colorado  belong  to  the  type  that  has 
^n designated  as  *^  massive"  in  contradistinction  to  ''  volcanic''  erup- 

*  1  Am  at  present  engaged  npon  a  paper  on  the  "  Volcanics  of  Colorado."  Therein 
ui  the  correlationa  and  special  featorea  aball  be  set  forth  at  greater  length  than 
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tioD.  This  will,  of  necessity,  result  in  producing  large  areas  covered  by 
the  same  material,  and  whereas  classification  of  isolated  groups  mig^ht 
more  readily  be  accomplished,  it  becomes  difficult  when  the  various 
members  under  consideration  have  been  able  to  commingle. 

Andesite  occurs  at  various  localities,  in  rather  a  subordinate  positiou. 
Its  relative  position  to  trachyte  is  maintained,  but  its  appearance  is  ouly 
local. 

Trachyte  is  the  group  that  claims  our  attention  more  particalarly. 
In  1874  I  subdivided  it  into  four  numbers,  mainly  for  the  purpose  of 
facilitating  description.     Subsequent  examinations  have  shown   that 
the  divisions  hold  good  over  a  very  large  extent  of  country',  and  I  have 
retained  them.    A  very  interesting  conglomerate  occurs  in  No.  3,  whicli 
shows  that  a  temporary  cessation  of  volcanic  activity  took  place  at 
that  period.    As  perhaps  the  most  typical  development  of  this  ^roup, 
may  be  regarded  the  Uncompahgre  Mountains.    There  the  .trachytes 
occur  in  a  thickness  amounting  to  7,000  feet.    The  four  subdivisions 
can  be  readily  distinguished,  not  only  by  their  position,  but  also  by 
their  lithological  and  orographic  features.    From  the  Uncompahgre 
region  this  8eries*of  trachytes  extends  southward  until  upward  of  S^OOO 
square  miles  are  covered  by  it.    Occurring,  as  it  does,  over  so  large 
an  area,  the  regularity  of  its  members  is  necessarily  a  surprise.    liocal 
features  are  certainly  not  wanting  that  produce  slight  variations  from 
the  ^^  standard,"  but  they  are  of  little  consequence.     In  the  highest 
member  of  the  trachytes  (No.  4)  the  metalliferous  veins  of  the  San 
Juan  region  occur.    They  show  the  same  characteristics  and- same  be- 
havior that  lodes  of  other  formations  exhibit.    An  analogous  case,  com- 
paring more  particularly  the  lodes  of  the  lake  district,  is  found  in 
Transylvania. 

Bhyolite,  the  youngest  member  of  the  division,  occurs  quite  frequently 
in  Colorado.  It  may  be  found  superimposed  upon  the  trachyte,  or  it 
m»y  occur  as  some  independent  outflow.  In  the  great  group  of  tracho- 
rhe'ites,  in  Southern  Colorado,  it  is  almost  invariably  superimposed. 
Its  raineralogical  constitution  does  not  vary  from  that  observed  in 
rhyolites  elsewhere.  Some  doubt  has  been  felt  as  to  its  age  relative  to 
basalt.  From  what  I  have  observed  1  should  unhesitatingly  pronounce 
it  to  be  older.  In  Colorado  the  two  are  rarely  found  in  contact,  and 
then  generally  in  more  or  less  abnormal  positions. 

Beside  the  extended  area  mentioned  above,  this  division  covers  many 
miles  as  more  or  less  isolated  groups,  generally  deposited  upon  meta- 
morphic  rocks,  less  frequently  on  sedimentary. 

Porphyritio  Trachytes. — Distinct  in  their  main  features,  though  allied 
in  many  respects,  from  the  preceding  division,  are  the  iK)rphyritic 
trachytes.  Dr.  Peale  has  published  a  very  excellent  article  upon  this 
subject,*  which  presents  views  that  I  fully  indorse. 

While  the  trachytes  usually  form  extended  flows,  and,  in  conse- 
quence, long  unbroken  benches  and  plateaus,  the  rocks  of  this  division 
are  characterized  by  their  isolated  position  and  by  their  bold,  abrupt 
appearance.  Mineralogically,  too,  they  differ,  and  chronologically  are 
younger  than  the  trachorheltes.  It  is  possible  that  the  period  of 'their 
eruption  may  have  been  very  near  that  of  the  rhyolite,  inasmuch  as  tbe 
lithological  constitution  is  analogous;  and  they  not  unfrequently  have 
found  their  way  through  beds  of  the  same  age  as  those  usually  penetrated 
by  rhyolite.  Be  this  as  it  may,  they  are  totally  distinct,  nevertheless. 
Many  of  the  prominent  isolated  mountains  or  mountain-groups  of  Oolo- 
rado  and  a(ljacent  regions  owe  their  formation  to  this  rock.    Spanish 

*  Ban.  U.  8.  Geol.  Sarvey,  No.  3,  vol.  iii. 
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Peaks,  Sierra  La  Sal,  Sierra  Abajo,  La  Plata  Moantaiae,  aod  others 
aie  composed  of  it*  la  connection  with  porphy ritio  trachytes,  dikes  are 
very  often  found  that  are  more  typically  represented  by  no  other  vol- 
canic rock. 

BaaalUnds. — ^In  these  I  count  dolerites  and  basalts,  each  with  their 
iwpective  tafOs  and  conglomerates.  Of  the  former  but  very  little  can 
be  found  in  the  districts  I  examined,  but  the  latter  are  well  represented. 
Almost  endless  varieties  present  themselves,  each  one  of  which  might 
readily  famish  an  occasion  for  the  creation  of  a  new  rock-species,  were 
tbey  not  unmistakably  bound  together  when  found  in  pontu.  Fre- 
qaeatly  basalts  are  found  covering  the  trachorheXtes.  Tbey  unchang- 
ingly preserve  the  same  relative  position — ^that  of  the  younger  groups. 
As  capping  to  plateaus  and  peaks  they  occur,  occupying  the  most 
elevated  points.  The  most  extensive  basalt-series  that  I  have  noticed 
in  Colorado  occurred  on  the  eastern  slope  of  the  southern  extension  of 
the  Sawatch  Bange.  All  along  this  slope,  far  into  San  Lois  Valley, 
the  basalt  extends  in  one  uninterrupted  flow.  There,  too,  it  covers 
tradiorheltes. 

In  addition  to  the  occurrence  as  long-continued  flows,  which  may, 
however,  at  present  be  separated  into  isolated  patches,  are  the  local 
8Ball  eruptions  of  basalt.  Cone-shaped  or  rounded  hills,  sometimes 
br  from  any  mountains,  protrude  through  the  surrounding  sedimentary 
beds.  Basalt,  of  several  varieties,  composes  them.  Again,  it  is  found 
as  dike-material,  second  in  importance  to  pnorphyritic  trachyte.  Most 
frequently  these  occur  in  the  younger  sedimentary  formations,  rarely 
older  than  the  Cretaceous.  No  doubt  tbey  penetrate  the  older  ones, 
bot  the  causes  resulting  in  their  formation  did  not  exist  until  com- 
paratively reoent  geological  ages. 

Dikes. — Dikes  are  simply  fissures  in  the  ^^  country- rock,"  injected  with 
iome  material  that  at  one  time  must  have  been  in  a  viscous  or  highly 
plastic  state.  Generally,  they  are  flUed  from  below,  but  they  may  also 
receive  the  material  laterally.  As  a  rule,  the  material  fllling  the  fissnre 
mists  effeetualiy  the  influence  of  atmospheric  agents*  Gradual  dis- 
integration of  the  a^oining  rock  causes  the  volcanic  inclosore  to  stand 
ont  prominently,  representing  essentially  a  cast  for  which  the  Assure 
wa8  the  mould. 

Kot  infrequently  the  edges  of  strata  forming  the  sides  nearest  the 
dike  may  still  be  distinguished  on  the  wall-like  projection.  Trachyte, 
rbyoUte,  porphyritic  trachyte,  and  basalt  form  the  dikes  of  Colorado. 
80  far  as  can  be  judged,  many  of  them  were  injected  during  a  time 
wheti  the  lava  exhibited  a  very  high  degree  of  heat.  This  is  apparent 
from  the  metamorphosis  which  often  the  adjoining  sedimentary  beds 
bare  been  subjected  to.  Dependent  upon  the  character  of  the  meta- 
i&orphosed  rock  this  (nrocess  may  render  it  less  liable  to  disintegration 
And  decomposition.  Obviously  the  eventual  result  will  be  that  the  sides 
of  tbe  dike  remain  hidden  upon  removal  of  the  softer  adjoining  por- 
tions, and  that  a  hill,  shaped  like  a  hogback  will  be  formed.  Not  all 
n^ks,  however,  are  rendered  more  resisting  by  metamorphosis ;  on  the 
contrary,  many  are  led  to  a  more  speedy  destruction  thereby. 

We  do  not  find  only  single,  isolated  dikes,  but  entire  dike-systems. 
Either  radiating  from  one  point,  or  running  parallel  with  each  other 
^  forming  a  net-work,  or  combining  several  of  these  forms,  they  are 
ttpable  of  producing  elaborate  orographic  results.  Taking,  for  instance, 
ft  case  in  which  the  passage  of  the  highly  fused  lava  has  sufficiently 
hardened  tbe  material  through  which  it  passed,  we  will  readily  perceive 
tbat  a  radiating  arrangement  of  such  dikes  must  be  productive  event- 

Sa 
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nally  of  a  conical  elevation.    Thus,  too,  with  all  the  oth'er  forms* 

oue  will  present  a  characteristic  resalt,  incident  npon  the  nature  of  its 

surroanding  rocks  ami  of  the  dike-rock  itself. 

Sometimes  the  dikes  are  found  to  be  in  direct  connection  with  the 
main  body  of  volcanics.  In  that  case  they  simply  represent  the  filling 
with  volcanic  material  of  fissures  formed  by  volcano-seismic  action. 
What  the  causes  may  have  been  that  have  given  rise  to  the  formation 
of  apparently  independent  fissures  must  be  determined  for  every  iodi- 
viduiil  instance,  as  neither  the  formation  in  which  they  occur  nor  the 
constitution  of  the  dike-rock  afibrds  the  slightest  clew. 

The  importance  of  these  dikes  in  shaping  many  of  the  minor  oro- 
graphic features  is  not  to  be  underestimated.  Comparatively  insignifi- 
cant, if  isolated,  a  group  of  them  can  produce  a  very  marked  effect. 

METAMORPHOSED  ROCKS. 

In  contradistinction  to  metamorphic  rocks  we  may  class  those  that 
have  been  changed  from  their  original  condition  by  the  direct  applica- 
tion of  volcanic  heat. 

Kemelted  granites  I  have  not  observed  in  Colorado.  According  to  Dr. 
Loew  they  occur  in  New  Mexico  contiguous  to  or  enclosed  in  rhyolite. 
Conglomerates,  sandstones,  limestones,  shales,  and  volcanic  rocks  are 
the  ones  most  frequently  subjected  to  such  action. 

Conglomerates  are  hardened,  so  that  the  cement  and  enclosed  bowl- 
ders appear  as  if  being  of  ^^one  casf  Commensurate  with  the  pet^ro- 
graphic  character  of  the  enclosures  is  the  change  they  undergo.  Pro- 
portionate with  the  heat  of  the  injected  lava,  and  with  the  conductive 
power  of  the  rocks  penetrated,  do  we  find  the  extent  of  the  metamor- 
phosis. 

Sandstones  are  most  frequently  changed  into  quartzites,  limestones 
into  marble,  and  shales  are  altered  into  what  mineralogists  know  as  por- 
celain-jasper. The  first  and  last  of  these  are  by  far  harder,  far  better 
able  to  resist  attacks  of  atmospheric  agents  than  the  original  rock. 
Kebeated  volcanic  rocks  are  often  vitrified,  become  brittle,  and  some- 
times emit  a  semimetallio  sound  upon  being  struck. 

"MONUMENTS.'^ 

As  a  special  feature  of  much  interest  the  different  kinds  of  monu- 
ments'' in  Colorado  may  here  be  mentioned.  They  may  be  distinguished 
according  to  their  method  of  formation.  Four  kinds  there  are,  so  far  as 
my  observations  extend. 

Every  one  is  familiar  with  the  picturesque  forms  of  Monument  Park. 
Upon  a  light-colored  (white,  grey,  or  yellowish)  pedestal  rests  the  dark 
protecting  cap.  The  entire  monument  is  composed  of  sandstone.  More 
readily  disintegrating  and  eroded  is  the  supporting  column,  hard  and 
firm  the  stratum  which  furnishes  the  caps.  Bain,  frost,  wind,  driving 
sand,  and  other  eroding  agents  are  the  artists  that  produce  forms  strik- 
ing for  their  unique  beauty.  Throughout  the  region  of  Monument  Park 
and  the  Garden  of  the  Gods  they  occur,  visited  and  admired  by  the  num- 
erous travellers  passing  that  well-favored  spot. 

Similar  to  the  preceding  are  those  found  on  Douglas's  Creek  in  1876* 
Instead  of  a  sandstone  pedestal,  however,  we  here  have  shd^ 
Weathered  away  from  the  edge  of  the  steep  bluff  it  composes,  the  shale 
has  been  carved  into  isolated  columns.  To  the  superimposed  cap  of 
bard  sandstone  they  owe  their  existence.    Beared  in  a  comparatively 
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diort  spaco  of  time,  they  soon  snccnmb  under  the  combined  attacks  of 
their  assailants.  The  frail  support  of  shales  ere  loug  grows  too  weak  to 
nstain  the  weight  of  the  capping  sandstone,  and  when  this  has  fallen 
off  nothing  remains  save  a  small  monnd  of  decomposed  shale  to  mark 
tbe  former  existence.  Both  this  *^  species"  and  the  one  above  n^entioned 
might  be  termed  normal  monaments,  in  contradistinction  to  the  succeed- 
ing  ones,  which  are  acddenial. 

Near  Antelope  Park,  on  a  small  tributary  of  the  Bio  Ghinde,  lies  hid- 
den a  spot  of  unequalled  grandeur  and  beauty.  Instead  of  small  monn- 
meots^at  best  12  to  14  feet  in  height,  we  here  have  them  rising  to* 300 
attd  400  feet.  Towering  far  above  the  surrounding  spruce  timber,  they 
lift  their  weather-beaten  heads  toward  the  sky.  Thousands  of  others, 
that  appear  as  pigmies  by  the  side  of  giants,  stud  the  entire  locality. 
Precipitous  walls,  600  feet  in  height,  enclose,  as  though  guarding  them, 
tbe  wonderful  groups  here  displayed.  Arches  and  gateways  of  ample 
dimensions,  carved  by  the  skillful  hand  of  nature  into  projecting  walls, 
permit  a  distant  view  that  is  closed  only  by  the  sharp  summits  of  the 
continental  divide.  Similar  to  the  spires  of  ancient  gothic  architecture 
do  the  monuments  at  places  rise  in  isolated  glory,  seeming  larger  even 
than  they  really  are  from  their  very  position.  A  trachytic  conglomer- 
ate famishes  the  material  for  these  admirable  forms.  Erosion  and  abra- 
sion along  the  steep  walls  cause  some  huge  bowlder  to  project.  On 
either  side  downward  the  softer  portions  of  the  conglomerate  are  worn 
away,  until  finally,  as  if  growing  out  of  the  wall,  we  find  the  completed 
BKmoment.  ^ 

In  1874  still  another  kind  was  observed.  From  an  adjoining  bluff 
large  bowlders  of  basalt  had  rolled  down  upon  a  gentle  grass-slope. 
They  rested  accidentally  upon  the  surface  of  a  very  soft  trachytic  tuff. 
Bain  and  temporary  streams  cut  away  the  easily-yielding  material  until 
nothing  remained  of  it  but  slender  columns,  20  feet  in  height,  that  bore 
upon  their  tops  the  erratic  bowlders  which  had  protected  them  from 
total  destruction.  These  two  last  species  I  term  <'  accidental,"  as  the 
pbysical  composition  of  the  conglomerate  is  certainly  an  accidental  one, 
and  as  the  last  owe  their  existence  purely  to  the  stopping  of  the  erratic 
bowlders  at  that  particular  locality. 

GLACIATION. 

In  tbe  report  of  1875  I  have  given  a  synopsis  of  the  glacial  evidences 
observed  within  my  districts  during  the  past  years.  The  presence  of 
ancient  glaciers  in  Colorado  is  made  apparent  by  the  existence  of  mo- 
niines,  by  the  grooving,  striation,  and  polish  of  rocksriiij^o^ttu,  and  by 
tbe  formation  of  numerous  lakelets.  In  previous  papers  I  have  asso- 
ciated the  existence  of  glaciers  in  Colorado  with  that  of  large  lakes  and 
iolaud  seas  farther  west.  Dependent  upon  the  disappearance  of  these, 
Ibave  regarded  the  extinction  of  the  glaciers.  Wherever  the  condi- 
tions were  favorable,  t.  e.,  a  good  locality  for  the  accumulation  of  snow 
and  ice  offered  itself,  there  we  find  the  traces  of  former  glacial  activity. 
Not  unfrequently  the  arrangement  of  moraines  is  perfectly  typical^  and 
tbe  rocks,  polished  and  grooved,  ap|iear  to  be  fresh  as  the  glacier  has 
left  them.  Vegetation  has  not  yet  sprung  up  in  many  of  the  places 
^bere  the  soil  was  all  carried  away  by  the  moving  ice.  Streams  flowing 
tbrongh  and  fn>m  the  glaciers  {QleUcherhach of  the  Germans)  have  worn 
deep  channels  into  yielding  rocks,  and,  often  being  dammed,  have  formed 
glacial  lakes. 

So  far  as  can  be  determined,  glacial  activity  existed  in  Colorado  before 
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the  close  of  the  latest  volcanio  eruptions.  It  is  possible,  therefore^  that 
it  may  have  reached  into  the  historical  period.  According  to  M^yor 
Powell  some  of  the  Pai-ate  tribes  have  legends  indicating  volcanic  oot- 
flowSy  and,  as  has  often  been  suggested,  many  of  our  western  basalts 
have  a  very  ^* fresh''  appearance. 

Glaciers  have  not  wrought  any  radical  changes  in  the  general  config- 
uration of  the  country.  They  have  modified  certain  features,  have  deep- 
ened certain  portions,  levelled  others,  but  they  have  not,  alone,  carved 
deep  cafions,  or  carried  away  hills  and  ridges,  leaving  in  their  stead 
levtfl  valleys.  Much  of  the  drift  that  today  we  regard  as  "river-dHff 
was  undoubtedly  first  removed  from  the  original  place  of  deposition  by 
glacial  action.  Silt  and  soil  both  can  be  formed  by  the  never-ceasing 
action  of  moving  ice  and  water  upon  rocky  material.  Carried  on  by  the 
water  these  were  deposited  near  the  moraines,  until  eventually  once 
more  they  were  washed  away  to  form  soil  for  arable  lands. 

DRIFT. 

A  number  of  drift- varieties  will  always  be  found  in  a  region  so  diver- 
sified as  the  State  of  Colorado.  We  can  distinguish,  mainly,  glacial 
drift,  lake-beds,  river-drifts,  and  avalanchial  drift.  Of  these  the  first  is 
simply  the  moralnal  accumulations.  As  soon  as  these  have  been  reoioved 
they  lose  their  identity.  Lake-beds  are  the  accumulations  of  finely  sepa- 
rated drift  in  a  body  of  still  water.  Frequently  such  drift  may  be  ob- 
served occurring  in  broad  valleys,  where  ev^tually  either  the  gradnal 
rise  of  the  lake-bottom  or  changes  of  niveau  have  permitted  the  water 
to  How  off.  Biver-drift  is  the  specie^  most  frequently  met  with.  That 
tendency  of  flowing  water,  ever  to  straighten  its  course,  causes  it  to 
cover,  in  time,  often  a  valley  of  considerable  extent  I  call  this  ^^  parallel 
shifting  of  rivers."  Thus,  frequently,  an  entire  valley  may  be  covered  by 
river-drift.  Erroneously,  this  fact  has  often  been  explained  by  the 
assumption  that  at  some  former  period  the  stream  was  one  of  far  greater 
breadth  than  at  the  present  time.  Though  this  is  certainly  true  in  some 
instances,  it  is  a  very  rare  case.  Accumulations  of  drift  on  one  or  the 
other  bank  of  the  stream  will,  locally,  change  its  course.  More  material 
will  be  deposited  on  that  same  side ;  the  river  will  be  shifting  away  from 
it.  Gradually  it  may  have  traversed  the  entire  width  of  the  valley  in 
this  manner,  leaving  evidence  of  its  former  presence  in  the  drift  it  has 
deposited.  This  feature  can  admirably  be  studied  near  the  junctions  of 
large  streams. 

By  the  term  << avalanchial  drift"  we  designate  the  ever*moving  recent 
deposits  of  rock-fragments  on  the  sides  or  at  the  base  of  mountains. 
Constantly  the  rocks  composing  mountains  and  peaks  are  disintegrating 
and  rolling  down  from  a  more  or  less  loosely  joined  talus  of  enormoas 
dimensions.  With  the  character  of  the  rocks  composing  it  changes  the 
nature  of  the  talus.  The  harder  and  more  angular  the  fragments  the 
less  stable  the  slope.  Decomposition  attacks  several  kinds  of  rocks  very 
readily,  and  then  a  stratum  of  soil  is  formed  on  the  talus  that  permits  the 
growth  of  vegetation.  , 

SOIL. 

The  eventual  result  of  disintegration  and  partial  decomposition  of 
rocks  is  the  formation  of  soil.  A  very  large  portion  of  Colorado  is  too 
high  for  agricultural  purposes,  so  that  a  majority  of  the  best,  most  pro- 
ductive soil  must  necessarily  always  remain  idle.  In  other  localities^ 
where  altitudinal  conditions  are  more  favorablCi  the  want  of  an  adequate 
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snpply  of  water  prevents  success  in  agricaltnral  pnrsaits.  Were  it  |>os- 
able  to  organize  an  exhaustive  collection  of  rocks  and  the  soils  tbey 
prodace,  make  analyses  of  both,  and  apply  the  knowledge  gained  to 
chemical  agricaltnre,  mncb  of  importance  and  value  might  be  learned. 
For  such  parposes  a  region  not  yet  civilized  offers  the  best  field.  As 
won  as  any  crops  have  been  pat  in  and  harvested  the  original  compo- 
Rdoo  of  the  soil  is  changed,  and  examination  of  sach  character  woald 
DO  longer  faniisb  the  same  applicable  resalts.  Even  within  the  altitude 
where  crops  may  be  raised,  soils  from  many  different  rocks  can  be  found 
in  Colorado.  By  paying  some  attention  to  the  requirements  of  plants 
uid  the  capability  of  the  soils,  satisfactory  results  may  in  most  cases 
be  obc^ned. 

HETALUFEBOTTS  DEPOSITS. 

Daring  the  progress  of  my  work  in  Colorado  I  have  had  occasion  to 
Tisitandexamineanumberof  the  mining  districts  of  that  State.  The  min- 
eral resources  are  of  an  enormous  quantity,  and  constitute,  to-day,  the 
main  wealth  of  Colorado.  Gold,  silver,  copper,  zinc,  lead,  coal,  and  iron 
are  mined.  Mineral  deposits  are  scattered  throughout  the  entire  State, 
and  new  discoveries  are  annually  being  made.  In  1857  and  1858  the 
Pikers  Peak  excitement  caused  a  large  influx  of  prospectors,  miners,  and 
adventurers.  As  usual  a  large  number  of  them  left  the  Territory  in  dis- 
gust, but  others,  more  reasonable,  set  to  work  to  gain  gold  out  of  the 
gulches  and  placers  that  in  those  days  yielded  very  good  pay.  Most 
of  these,  then  already  worked,  are  now  exhausted,  and  the  miners  are 
obliged  to  seek  the  precious  metals  in  veins.  The  districts  which  I  ex* 
amined  are  Gilpin  County,  Clear  Creek  County,  Boulder  County,  Cari- 
bou district,  Sunshine  district,  Gold  Hill  district.  Summit  district,  the 
San  Juan  mines,  and  the  coal  mines  of  Trinidad  and  Canyon.  It  is  to 
be  regretted  that  not  more  time  could  be  spared  for  each  one  of  these 
locatities,  but  I  hope  that  at  some  future  date  more  extensive  examina- 
tion may  be  made. 

GOLD  AT^D  SILYEB. 

Gilpin  County. — Nearly  all  the  lodes  of  this  region  are  auriferous.  Cen- 
tral Nevada  and  Black  Hawk  are  located  in  the  centre  of  the  metal- 
liferous region.  Thousands  of  lodes  have  been  located,  but  there  are 
comparatively  few  only  worked  at  present.  Pyrite,  chalcopyrite,  and 
q»balerite  are  the  chief  gold-bearing  minerals.  Of  these  the  last  named 
generally  contains  a  small  percentage  of  silver.  By  this  time  the  mines 
have  reached  an  appreciable  depth,  and  the  yield  therefrom  is  satisfac- 
toijr  Some  of  them  even  furnish  an  unusually  large  percentage  of  gold. 
Amalgamation  and  smelting  are  the  means  employed  in  separating  the 
precious  metals  from  the  ore.  In  connection  with  the  auriferous  lodes 
Gilpin  Oonnty  has  also  some  that  are  worked  for  silver.  In  that  case* 
the  metal  is  contained  mainly  in  galenite  and  narrow  seams  or  small 
particles  of  fahlerz.  These  lodes  are  of  secondary  importance  only,  as 
gold  is  the  main  mineral  product  of  the  county. 

Since  1858'  the  gulches  and  mines  have  been  worked  more  or  less 
steadily.  Much  speculation  and  mismanagement  by  incompetent  men 
had  temporarily  injured  the  reputation  of  the  mines,  but  gradually  the 
deeply-rooted  mistrust  is  removed  by  the  proof  of  their  undoubted 
iHouroes  and  value. 

Clear  Creek  County. — In  contradistinction  to  the  preceding,  this  county 
ooDtaina  mainly  argentiferous  deposits.  At  and  near  Georgetown  the 
ntofit  remonerative  mines  are  located.    Some  of  them  produce  an  enor- 
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moas  yield,  and  many  of  them  may  be  classed  as  '^  very  good."    Galenite, 
sphalerite,  several.varieties  of  fahlerz  and  pyrargyrite  are  the  silv^^r- 
bearing  minerals.    Quantitatively  they  occur  as  enumerated.    In  ttitd 
direction  of  Gray's  Peak  the  ore-bearing  "belt"  extends,  and  there  we 
find  mines  located  above  timber-line,  at  an  altitude  of  about  12,000  feet. 
I  may  here  mention  a  curious  occurrence  that  has  excited  considerable 
comment.    In  the  report  of  1873  I  alluded  to  the  frozen  condition  of  ttie 
ore  in  the  International  mine  on  Mount  McGlellan,  nine  miles  west  of 
Georgetown.    A  tunnel  has  been  driven  into  the  side  of  the  mountain 
for  the  distance  of  140  feet.    There  i-t  is  reached  by  a  vertical  air-sbaft. 
It  was  found  that  the  ore  was  all  frozen  from  the  very  entrance  of  tlie 
tunnel  to  the  depth  reached  at  the  time  of  my  visit  (June  18, 1873). 
I  have  learned  that  the  same  characteristic  holds  good  to  the  present 
day,  although  much  work  has  since  been  done.    While  there  I  satisfied 
myself  that/  the  firozen  condition  of  the  ore  was  not  owing  to  any  draught 
of  very  low  temperature  that  might  be  created  by  the  air-shaft.    Va- 
rious views  have  been  promulgated  tending  to  explain  the  presence  of 
solidly -frozen  masses  to  a  depth  of  more  than  200  feet,  but  none  of  them 
appear  to  be  satisfactory.    I  presume  that  we  have,  in  this  instance,  a 
ca^e  analogous  to  that  of  the  ^'  frozen  caves  "  of  other  parts  of  the  world. 
It  may  be  that  some  chemical  change  at  present  going  on  in  the  sar- 
Founding  rocks  causes  a  diminution  of  heat.    This  occurrence  is  one  of 
very  great  interest,  but  it  is  my  opinion  that  the  proper  solution  of  the 
question  cannot  be  reached  except  by  a  series  of  observations  extending' 
over  a  long  period  of  time.    Meteorological  conditions,  hygroscopic  va- 
riations at  different  seasons,  as  pertaining  to  the  humidity  of  the  rocks, 
chemical  and  physical  activity  of  the  minerals  constituting  the  rocks 
and  the  ore,  besides  other  factors  involved,  must  be  taken  into  consid- 
eration before  any  acceptable  theory  can  be  established.    Within  the 
tunnel  the  sight  is  one  of  the  most  beautiful  imaginable.    Thousands  of 
thin,  transparent  ice-crystals  line  walls  and  roof,  reflecting  with  myriads 
of  sparkling  flashes  the  light  of  the  miner's  lamp.    It  is  truly  a  magical 
scene,  transporting  the  visitor  to  the  fairy  palaces  of  the  ^^ArabiaQ 
Nights." 

At  Idaho  a  number  of  silver  lodes  are  worked.  They  are  well  devel- 
oped, and  furnish  a  good  yield.  Kear  Empire,  in  the  same  county,  gold 
mines  are  worked  to  some  extent.  Throughout  both  Gilpin  and  Clear 
Creek  Counties  there  are  scattering  locations  of  lodes  at  many  localities. 
Many  of  the  gulches  are  ^*  worked  out,"  but  others  still  affoid  suflQcieot 
1>ay  to  tempt  the  miner.  Oulch-work,  though  physically,  perhaps,  more 
severe,  has  the  popular  advantage  over  mining  proper  that  every  day  or 
every  week  the  workman  can  perceive  the  reward  for  his  labors  in  tan- 
gible gold,  without  the  interference  of  a  mill  or  smelting-wrorks. 

Caribou  District — Mining  in  this  district  is  comparatively  young,  as 
yet.  Almost  all  the  ores  are  typical  silver  ores,  consisting  of  galenite, 
sphalerite,  fahlerz,  argentite,  and  pyrargyrite,  mainly.  From  the  sur- 
face down  the  indications  have  been  favorable,  and,  as  far  as  developed, 
the  mines  show  good  results.  Many  lodes  have  been  located,  and  the 
mining-camp  that  at  the  time  of  my  visit  (June,  1873)  was  in  its  incipi- 
ency  is  today  an  active  one.  Further  development  of  the  mines  already 
started  will  no  doubt  result  in  very  satisfactory  returns  of  the  precioas 
metal. 

Sunshine  District. — In  1874  the  first  discovery  was  made  by  D.  O. 
Patterson.  At  first  the  nature  of  the  ore  was  not  fully  recognized,  but, 
as  numerous  other  discoveries  soon  followed  the  first,  that  of  the  Sun- 
shine lode,  the  great  value  of  the  rich  ores  was  soon  established.    Prod 
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J.  Alden  Smith  did  much  to  bring  the  district  to  pohHc  notice,  and 
Bhowed,  by  bis  management  of  the  American  mine,  the  nature  and  ca- 
pability of  the  ores*  This  region,  together  with  that  of  (iold  Hill, 
ooostitates  one  of  the  most  interesting  and  mineralogically  important 
features  of  Colorado.  Instead  of  finding  the  precious.metals  contained 
ia  sQch  minerals,  classed  as  ^^ores"  that  generally  carry  them  in  that 
State,  they  are  in  combination  with  tellurium,  and  sometimes  iodine. 
Tcllarids  of  gold  or  silver,  or  both,  constitute  the  ores  that  have  become 
justly  famous  on  account  of  their  remarkably  high  yield  of  both  these 
metaJs.  Mineralogically,  the  occurrences  in  these  districts  are  not 
equalled  in  any  other  part^of  the  world.  In  the  Sunshine  district  the 
ores  showed  very  high  pay  Yrom  the  surface  down.  Decomposition  has 
removed,  to  a  great  extent,  the  tellurium,  and- we  now  find  either  native 
gold  or  silver,  or  an  alloy  of  the  two,  in  the  rock.  Fifty-five  feet  was 
the  greatest  depth  reached  (Fair  View  mine)  at  the  time  (October  22, 
1875)  I  visited  the  Sunshine  camp.  At  that  depth  the  decomposed  ores 
were  beginning  to  turn  into  solid,  fresh  ones. 

A  greater  depth  has  been  reached  by  the  Red  Cloud  and  Gold  Spring 
mines  at  Gold  Hill.  It  may  there  be  observed  that  the  surface-ores  soon 
give  way  to  the  undecomposed.  Furthermore  it  is  noticeable  that  with 
increasing  depth  other  ores,  galenite,  sphalerite,  pyrite,  and  chalcopyrfte 
set  in.  These,  too,  carry  very  appreciable  quantities  of  the  precious 
metals.  Begarding  this  in  connection  with,  the  genesis  of  an  ore- 
bearing  vein,  we  may  be  led  to  some  definite  inferences.  All  fissures 
that  now  we  find  to  be  metalliferous  lodes  were  filtered  by  infiltration — 
infiltration  taken  in  its  widest  sense.  The  constituents,  from  their  char- 
acter classed  as  ^^  ores"  may  have  been  in  h^'drothermal  or  any  other  liquid 
solotion,  or  they  may  have  been  in  a  volatile  state,  gradually  condensing 
as  they  receded  from  the  source  producing  their  volatilization.  In  case 
ve  follow  up  this  latter  view,  we  will  find  that  it  is  borne  out  by  evi- 
dence. Less  volatile  minerals,  pyrite,  chalcopyrite,  galenite,  and  sphal- 
erite, are  found  only  as  we  reach  greater  depth  in  the  vein,  while  the 
highly  volatile  tellurium  compounds  occur  in  the  greatest  quantities 
higher  up.  This  would  place  the  cause  of  volatilization  at  an  indefinite 
depth,  but  not  at  the  sides  of  the  veins.  If  we,  in  addition,  take  into 
oansideration  the  fact  that  the  Bed  Cloud  and  Gold  Springs  lodes  are 
contact  veins  on  either  side  of  a  iK)rphyry-dike,  this  matter  is  still  fur- 
ther elucidated.  Granite  is  the  country-rock,  and  it  is  traversed  at  that 
poiot  by  a  porphyry-dike  40  to  50  feet  in  width.  Between  this  and  the 
gnnice  on  either  side  we  find  the  two  veins.  It  may  be  observed  that 
whereas  small  spurs  of  the  veins  enter  the  porphyry  from  either  side, 
none  are  found  within  the  granite.  It  is  impossible,  therefore,  to  separate 
the  formation  of  the  lodes  from  that  of  the  dike.  Inasmuch  as  the 
material  composing  the  dike  was  certainly  at  one  time  subjected  to  the 
action  of  intense  heat,  there  is  no  reason  why  the  ores  should  not  have 
eonsolidated  in  the  fissures  which  they  reached  as  vapor. 

All  of  the  metalliferous  veins  occurring  in  the  regions  above  men- 
tioned are  found  to  be  within  the  metamorphic  area.  Typically,  as 
veins,  they  show  scarcely  any  difi'erences.  They  are  at  times  contact- 
veins,  between,  for  instance,  gneiss  and  granite;  and  again  they  run 
entirely  in  the  one  or  other  rock.  As  a  rule  they  may  be  said  to  be 
what  are  popularly  termed  ^^  true  fissure-veins."  Presumably  this  ap- 
pellation is  supposed  to  convey  the  idea  that  they  are  '*  persistent "  as 
to  downward  extension.  In  some  localities  veins  occur  that  cannot  be 
daased  among  them.  In  this  case  we  find  the  orebearing  body  is  but 
a  member  of  the  gneissoid  or  schistose  rock,  is  conformable  with  it  iu 
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dip  and  strike.  These  cases,  however,  may  be  regarded  as  the  excep- 
tion rather  than  the  rale.  So  far  as  practical  work  is  concerned,  there 
is  no  doubt  that  the  ore-veins  of  these  regions  are  inexhaustible  ;  t.  e., 
they  will  reach  to  depths  beyond  which  the  miner  of  the  present  day 
cannot  penetrate.  Improved  machinery  for  supplying  deep  mines  with 
cool  air  and  controlling  the  waters  may  at  some  future  time  permit  of 
still  deeper  workings. 

Summit  District. — Southwest  of  Del  Korte  a  number  of  mines  are 
located  in  what  is  called  Summit  district.  The  ^^  Little  Annie  ^  first 
drew  attention  to  the  place,  and  soon  other  mines  were  opened.  Gold 
is  the  metal  found  there.  In  1875  I  visited*  the  locality  and  examined 
it.  So  far  as  could  be  determined,  no  regularly-defined  veins  exist 
there.  The  entire  hill  upon  which  the  ore-l^aring  rock  is  found  seems 
to  be  impregnated  with  mineral  matter.  This  latter  is  essentially 
pyrite,  occurring  in  very  minute  crystals  or  particles.  It  is  highly  au- 
riferous within  certain  zones,  and  upon  decomposition  the  gold  becomes 
free.  Thus  a  very  satisfactory  yield  can  be  obtained  by  milling  the 
ore.  It  remains  to  be  established  whether  the  impregnation  will  con- 
tinue to  be  gold-bearing  throughout  the  entire  mass.  In  other  regions 
I  have  observed  similar  impregnations  of  the  same  mineral,  but  as  no 
mining  was  going  on  there  it  became  impossible  to  decide  as  to  their 
merits.  Nearly  all  the  mines  in  Summit  district  were  but  in  their 
infancy,  and  it  therefore  cannot'  be  stated  what  their  ultimate  pros- 
pects or  probable  fate  may  be. 

San  Juan  region. — During  the  year  1874  I  had  occasion  to  visit  the 
entire  San  Juan  region  while  accompanying  the  party  iu  charge  of  Mr. 
A.  D.  Wilson.  At  that  time  not  all  the  lodes  or  even  their  localities 
had  been  discovered.  Since  we  were  there  the  districts  on  Lake  Fork, 
near  Handle's  Peak,  and  others  have  been  organized.  HowardsviUe 
and  Silverton  were  the  centres  of  all  mining  operations. 

Early  iu  1860  and  1861  the  metalliferous  character  of  the  locality  had 
been  recognized  by  Baker,  and  he  led  into  the  country  a  large  party  of 
prospectors  and  miners.  Hardships  and  Indians,  however,  succeeded 
in  disbanding  them,  and  many  perished.  Since  that  time  until  a  few 
years  ago  the  region  was  either  forgotten  or  dreaded.  In  1873  the  treaty 
with  the  Utesj  ceding  the  land,  was  concluded,  and  miners  flocked  from 
everywhere  to  the  spot  of  which  such  exaggerated  reports  had  reached 
them.  Many  were  disappointed  and  returned  with  discouraging  reports, 
but  more  remained  and  may  ultimately  reap  the  reward  of  their  perse- 
verance. Instead  of  only  Baker's  Park,  which  was  the  first  known, 
other  localities  were  discovered,  and  the  country  was  comparatively 
rapidly  settled. 

On  the  Animas  Forks,  at  Ilowardsville  and  at  Silverton,  the  greater  por- 
tion of  the  locations  may  be  found.  When  I  visited  the  places  (August, 
1874),  over  2,000  lodes  had  been  claimed,  although  but  few  were  steadily 
worked.  Galenite,  sphalerite,  fahlerz,  argentite,  and  pyrargyrite  com- 
pose the  ores  chiefly.  Silver  is  almost  exclusively  the  metal  obtained, 
and  occurs  in  large  quantities  in  some  of  the  veins.  An  exception  to 
this  rule  occurs  in  Arrastra  Gulch,  near  Silverton,  where  the  Little  Giant 
mine  is  worked  for  gold.  Chloride  of  silver  is  reported  as  occurring  in 
some  of  the  Devonian  limestones  near  the  Animas  River.  I  did  not 
have  time  to  verify  this  report.  As  is  the  case  with  by  far  the  majority 
of  ore-veins  in  Colorado,  so  these,  too,  have  a  dip  almost  or  entirely 
vertical.  Thife  may  certainly  be  regarded  the  normal  for  the  lodes  of 
the  State.  Within  the  last  three  years  lodes  have  been  found  and 
opened  in  the  vicinity  of  Lake  Fork.    Besides  the  usual  silver  ore5, 
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tellarides  of  gold  and  silver  occur  there  that  greatly  increase  the  valae 
of  the  ore.  Settlements  have  sprang  up  with  the  rapidity  usually  ob- 
orred  in  new  mining  countries,  and  a  region  that,  but  a  few  years  ago, 
vas  a  wilderness,  to-day  shows  ample  evidence  of  the  enterprise  and 
iodostry  of  the  pioneer  miner. 

All  the  ore-bearing  veins  of  the  Ban  Juan  region,  as  well  as  those  of 
the  Sommit  district,  lie  withiu  the  trachorhe![tic  area.  We  have  in  this 
iartance  veins  that,  in  their  physical  and  miueralogical  character,  can- 
not be  distingaished  from  those  of  the  older  formations,  occurring  in 
Toleanic  rocks  of  Tertiary  age.  The  nnasually  rugged  and  broken  con- 
igoration  of  the  country  facilitates  mining  operations.  Kot  unfre- 
qaently  metalliferous  veins  may  be  traced  for  several  hundred  feet  of  ver- 
tical distance  on  the  steep,  rocky  slope  of  some  mountains,  or  in  the  walls 
of  a  canon.  Obviously  such  conditions  must  be  favorable  to  the  miner, 
asaoriDg  him  at  once  of  the  presence  of  his  ore  for  a  certain  distance,  ana 
poiatiDg  out  to  him  a  ready  method  of  extraction.  Up  to  the  present 
time  the  development  of  the  San  Juan  mines  has  been  retarded  by  the 
want  of  available  capital.  The  individual  miner,  iiowever  industrious 
lie  may  be,  cannot  by  his  own  physical  labor  properly  develop  a  mine. 

A  word  may  be  said  with  reference  to  the  treatment  of  Colorado  ores, 
^atprally,  the  first  method  employed  was  that  of  crushing  the  ore  and 
saving  the  gold  by  raw  amalgamation.  This  process  is  the  one  requiring 
the  miuimum  of  preparation,  one  that  every  man  of  average  intelli- 
gence can  readily  become  fi»miliar  with,  and  furnishes  to  the  miner  his 
weekly  or  monthly  product  in  the  shape  of  bullion.  So  long  as  surface- 
ores— i.  e.y  of  gold — were  the  only  ones  treated  in  this  way,  ic  answered 
^ery  well.  As  soon  as  the  undecomposed  ore  was  reached,  the  results 
were  no  longer  found  to  be  satisfactory.  In  that  case  the  only  reasona- 
ble method  is  smelting.  Thereby  the  gold,  that  otherwise  will  often  go 
into  tbe  tailings  and  perhaps  be  lost  altogether,  can  be  saved.  The 
sooner  this  fact  is  fully  appreciated,  and  the  more  the  smelting  processes 
are  brought  into  harmony  with  established  laws  of  chemistry  (which  is 
fiot  always  done),  tbe  better  will  the  miner  find  himself  repaid  for  his 
hard  and  dangerous  work.  A  number  of  good  smelting- works  have  been 
published  in  Colorado,  and  they  are  fully  able  to  take  charge  of  the 
ore  that  may  be  furnished  them,  with  advantage  to  the  smelter  and 
prodt  to  the  miner. 

Small  placers  occur  at  several  places  in  the  districts  I  have  examined. 
Some  of  them  are  worked  at  present;  others  have  lain  idle  lor  years, 
and  still  others  areexhausted.  In  and  near  Taylor  River  Park,  in  Grey- 
haek  Gulch,  on  the  liTorth  Fork  of  Eio  Alamosa,  and  elsewhere,  a  little 
work  is  carried  on. 

COPPEB,  ZING,  AND  LEAD. 

These  metals  are  gained  in  the  extraction  of  gold  and  silver  ores. 
They  are  so  abundant,  associating  with  the  more  precious,  that  they  can 
he  regarded  only  a^  a  secondary  consideration.  Some  of  the  smelting- 
works  devote  either  a  poition  or  their  entire  force  to  their  extraction. 
Ip  that  case  the  metals  are  mostly  obtained  from  low-grade,  gold  and 
Bilver  ores.  '  Uranium,  occurring  in  pitchblende,  was  mined  in  the  Wood 
Biioe,  near  Nevada.  The  yield  was  satisfactory.  At  present  tbe  mine 
li^  idle,  but  it  is  to  be  hoped,  if  only  for  the  sake  of  mineralogists,  that 
Work  may  ere  long  be  resumed.  With  miueralogical  '^  treasures'"  of  such 
ft  nature  Oolosado  is  well  supplied ;  less,  perhaps,  as  regards  number  of 
Hiecies  than  so  far  as  size  and  beauty  of  those  occurring  are  concerned. 
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GOAL  AND  IBON. 

Goal  occurs  in  Colorado  at  a  number  of  localities ;  it  is  founrl,  with 
interruptions,  along  the  eastern  base  of  the  Front  Kange,  and  in  the 
interior  of  the  State  in  valleys  of  many  of  the  larger  streams  or  their 
drainage.  In  1873  and  1875  I  visited  the  coal  mines  of  Canyon  and 
Trinidad,  which  lay  within  the  borders  of  my  districts.  At  both  places 
I  found  an  ample  supply,  and  found  mining-operations  going  on.  About 
the  quality  cf  the  coal  much  has  been  said  and  written.  It  is  useless  to 
repeat  anything  here;  the  object  of  this  paper  cannot  permit  it.  Suffice 
to  say,  that  for  ordinary  economic  purposes  the  coal  will  answer  very 
well.  An  almost  unlimited  source  of  coal  may  be  developed  in  Colo- 
rado if  all  of  its  available  beds  are  developed.  Many  years  must  nec- 
essarily pass,  however,  before  this  will  be  required.  A  brief  reference 
may  be  made  to  the  ^^  anthracite,"  which  has  often  been  reported  from 
this  State.  So  far  as  the  observations  of  geologists  of  this  survey  go, 
the  anthracites  are  either  older  (lowest  Cretaceous)  coal  than  the  ^^  lig- 
nites," or  they  owe  their  anthracitic  composition  to  the  passage  of  vol- 
canic material  through  the  beds  or  seams.  In  this  latter  case  the  heat 
of  the  volcanic  rocks  has  caused  a  partial  volatilization  of  the  gases, 
thus  greatly  increasing  the  percentage  of  fixed  carbon.  It  is  evident, 
therefore,  that  although  we  may  have  an  anthracite  in  the  strict  miner- 
alogical  application  of  the  term,  we  have  not  an  anthracite  in  the  same 
sense  of  the  word  as  it  is  applied,  for  instance,  to  the  Pennsylvania 
coal. 

Iron  is  found  and  mined  in  Colorado  on  Grape  Creek,  near  Canyon 
City.  The  ore  is  magnetite,  yielding  a  high  percentage  of  the  metal. 
But  little  demand  for  iron  exists  in  the  State  at  the  present  time. 
Should  the  demand  arise,  however,  numerous  deposits,  now  undisturbed, 
will  furnish  ample  material  to  meet  it.  Limonites  occur  as  kidney  ore 
within  the  same  beds  that  contain  the  coal,  and  if  undecomposed,  they 
are  siderites.  At  Gulden,  Canyon,  and  Trinidad  they  are  found,  and 
can  readily  be  utilized  if  required.  In  the  interior  of  the  State  certain 
formations  usually  carry  lower-grade  iron  ores,  which  may,  at  some 
future  .day,  perhaps,  be  turned  to  account. 

In  order  to  present  a  brief  synopsis  of  all  the  formations  found  in 
Colorado,  I  have  prepared  a  table.  In  it  is  recorded  not  only  my  own 
work,  but  extracts  have  been  made  from  the  reports  of  Dr.  Hayden, 
Dr.  Peale,  Mr.  Holmes,  Mr.  Marvine,  and  Professor  Lesqnereux.  It  is 
at  all  times  a  matter  of  considerable  difficulty  to  attempt  parallelization 
of  formations  or  groups*  A  certain  amount  of  latitude  must  be  admitted 
for  all  comparison  of  such  nature.  Though  but  a  comparatively  small 
proportion  of  the  formations  and  groups  can  be  found  in  any  one  partic- 
ular district,  the  total  exhibit  is  one  showing  a  sufficient  diversity. 

Thicknesses  of  beds  and  groups  have  been  given,  showing  the  limits 
that  were  therein  observed.  It  is  evident  that  over  an  area  of  nearly 
70,000  square  miles  great  variations  of  the  vertical  dimensions  most 
occur,  and  therefore  they  have  been  indicated  so  far  as  feasible. 

Enumerations  of  locality  are  made,  beginning  with  the  more  westerly 
ones  and  going  eastward. 
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8jt»op9i8  of  Ui0  gwlogicalfanMiiOM  found  in  Colarado. 
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White  RiTer.... 

Leaves  on  divide  be- 
tween White  and 
Grand.    (See  Dr. 
Peale's  Report  fol. 
lowing.) 

Kaasive,  dark  brown  sand- 
stones.   Sliftht  interstrsU 
of  dark  shales.  SandMtones 
weather  in  very  grotesque 
groups. 

1100 
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White  RlTer.... 

Sxtensiveshalfr^eries.  ITear 
the  bottom  some  sandstones 
occor.  Thronghont  the  re- 
mainder of  the  group  the 
strata    are    eomposed   of 
thinly  laminated,   white, 
gray,  and  yellow  shales. 
Borne  of  the  strata  are 
much  harder  than  others 
and  form  prominent  ledges. 
The  group  continues  south- 
ward across  Grand  River, 
and  1b  therefore  not  quoted 
firom  that  looality. 

sooo 
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BloS 

•a  Joan  region. . . 

Heavy  beds  of  yellow  and 
brownish  sandntones  near 
bass.    Alternating    sand- 
atones     and    arenaoeoas 
shales  higher  np  and  to 
top. 

Massive    beds   of     yeHow 
sandstones.      Interstrati- 
iled  with  shales  and  con- 
taining someoosl  through- 
out 

Massive  yellow  sandstones 
below.    Shales,  grav  and 
brown  higher  np.    Yellow 
and  pink  sandstones  near 
middle.    White  and  yel- 
low sandstones  and  shales 
near  top.   Coal  near  top. 

1900 

to 

1400 

1000 

to 

1900 

1300 

lasKlTer 

DRiTeraod  Grand 

Leaves  and   indls* 
tioot  remaios  of 
plants.  A  few  ver- 
tebrate    remains 
on  Platsaa  Creek. 

1 

Mesa  Verde 

Yariegated  shales  and  marls. 
Pink,  red,  maroon,  yellow, 
greenish,     grav.       Inter- 
strata  or  sandstones  and 
dolomites 

Yariegated  nhales  and  marls. 
Same    colors    as    above. 
Thin  beds  of   sandstone 
throoghont.    Capped    by 
heavy  sandstone. 

Yariegated  shales  and  marls. 
The  entire  series  is  charao- 
teristicslly  a  **bad  land" 
formation. 

600 
to 

1000 

to 

ISOO 

800 

AnimM  IMrw  . . 

Grand  Birer . . . . 

" 
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SjfnopHs  of  ike  geologioaljormatUme  found  in  Colorado-^Continued, 
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LooaUty. 


MesaYerde 


TriDidAd  r^on. 
ton  Hills. 


Near  Cftl&on  City 


Near  Golden  City 


Fossils. 


Sphigria  lapidea^ 
OhondfiUi  gttbtim- 
pUx,  O.  hulbomtt 
Ddeneria,  fuloa,  D. 
UngukUa^     Haly- 

major.  Ahietitea 
dubius,  Arundo 
Chepperti,  Phragmi- 
tsa  ontingennt,  Set- 
hot  OampbeUi,  Fla- 
beUan'a  tongira^is^ 
Popului  monodon, 
P.  mutabUu,  Ulmut 
irreguUirig,  Ficus 
ulmifolia,  Platanua 
Saydeni,  Laurtu 
pedata,  Andromeda 
Orayana,  Dombc- 
i4)pitobtu»a,  Bhan^- 
nus  obovatus,  R.  dd' 
etut,  R.  FUheri^  Ju- 
glana  Smithtonuma, 
CarpoUtui  palmer- 
urn.     Pteria  eroaa. 


ScUroHum  rubeUum, 
Deleaaeria  fulva^ 
SeUym^nUea  atria- 
tua,  H,  major,  H. 
minor,  Woodwardia 
latiloba,  Pteria  pen- 
nca/ormia,  P.aneq^a, 
P.  ajfLnia  P.  eroaa, 
P.  aubaimplex,  Di- 
pUuium  MtieUeri, 
Aspidium  Goldian- 
um,  Sphenopteria 
tociniea,  8.  membra- 
nacea,  Hymenophpl- 
lum  confuattm,  8e- 
laqinella  Berthoudi, 
Abietitea  dubUUt 
PhragmUea  cenin- 
genaia^  Oarax  berth- 
oudi. Smilax  gran- 
difolia,  8abal  Oamp- 
beUi. 8.  Ooidiana  8. 
major,  FlabeUaria 
tinka$ii^  F.  latania, 
F.  fnict\fera.  Zingi- 
beritea  undulatua, 
PopfUua  attenuatOt 
P,  heliadum.  So- 
Ux  integra.  Betula 
graeilia,  Ulmua 
irregiUaria,  ^uer- 
eua  anguatiloba, 
Q,  ohlorophyUa, 
tfia^igntaria, 
atramineua,  Q.  fur- 
eioervia,  Q.  QoUtian- 
fit.  Famta  pertmicB, 
Fieua  UUa^olia^F. 
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Chancter  of  strata. 


fa- 


Yellow  and  brownish  saod- 
stoDes,  mostly  argillace- 
ous. Sandy  shales.  Coal 
near  base.  Shales  chaDfc- 
ing  into  marls. 

Yellow  sandatODesand  shales 
near  base.  Some  white 
sandstone.  Coal  on  top  of 
the  lattei^  Then  follows 
a  heavy  series  of  gray  and 
yellow  sandstones  and 
shales,  with  thin  seams  of 
ooal  near  top. 


9700 


Series  tof  shales  with  inter- 
strata  of  sandstones,  some- 
times massive.  Coal  at 
severa]  horizons. 

Saadstones  and  clays  near 
base.  Alternating  sand- 
stones,  days,  shales,  and 
bed  of  ooal.  Higher  np 
white  and  yellow  sand- 
stones, sometimes  oon* 
glomeritio. 


390 
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8jfnapm$  of  the  feoiogioalfoTWUttlinu  fonmd  <n  Co/oroiia— Continaed. 
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Locality. 


Kmt  OoldMk   City— 
Continued. 


FomUi. 


Chunoter  of  strata. 
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.a 
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ptoiiteortoto,F.  oaor* 

F.  9peetatm»,  F.  au- 
rieuUUa^  F,  tnain- 
eata,  PUOmuu  Hay- 
dmU,  P.rhomboideOf 
Artocatpedium  «{• 
medim  /oluum. 
Benzoin  antiquum, 
OinmamomumRotM- 
nMUtUri,  Vilmr- 
num  Lakuii,  Oor- 
nut  8lud$ri,  O.  orbi- 
/era,  OiMUi  leni- 
goto,  Nelumibium 
jjokirianum,  Mag- 
neUa  Lerieyana, 
Domh0iop§%»  trivi- 
alis,  D.  grandifoUaf 
Sapindut  canaatu$t 
ZiiyphuB  dutortiM, 
CeonoUun  flbriiUh 
MM,  BereknuiapaT' 
vi/oUOt  Bhamnut 
obovatui.IL  taliei- 
foUut^  B.  r^etiiM- 
fmu,  B,  aewmimaii- 
/oHu8,  B,  CMdianutf 
B.  OUbumi^BvuB- 
qualiM,  B,  alater- 
fioidet,  Juf^ana  ru- 
0OMk  J.  Sehimperit 
fT.  rhamnoidet.  Oar- 
foiUhet  palmatum. 


8  ^ 

6    o 


liMaTerde, 


Animas  Biver. 


WUteBiver 


BIoNatrU. 


Inoeeramuif 
BaeuUtei, 
near  top. 


Ottrta, 
Plantt 


Uncompal^gre  agenoy 


OBeJojfblCieek 


Ifassire  Mndetonee  at  base, 
followed  bv  saDdatonefi, 
ahales,  and  maris  with 
ooal.  Above  these  mass- 
ive sandstooes,  then  shales 
and  clays  with  sandstooes 
at  top. 

Sandstones  interbedded  with 
some  shales  and  ooal  near 
base.  Heavy  strata  of  yel- 
low and  gray  shales.  Sand- 
stones near  top. 

Suidstones,  ydlow  and  gray, 
below.  Aoove  them  a  se- 
ries of  sandstones  and 
shales  alternating.  Near 
top  massive  sandstones. 

Yellow  sandstones  near  base. 
Higher  np  yellow  and  gray 
arenaceoos  shales.  Yel- 
low and  brownidi  sand- 
stones near  top. 

Blaok  shales  at  base.  Yel- 
low end  light  gray  shales 
higher  np,  passing  into 
axenaceons  shales  and 
sandstones  near  top. 

Sandstones  changing  into 
ahales  near  base,  af  ostly 
sandstone,  with  thinner 
shale-strata  higher  np  and 
near  top. 


190O 


1700 


1500 
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1600 
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8giiop9i$  of  ike  geologioalfarmatUnii  found  in  Colorad^^-Continaed. 


LooOity. 


Gunniaon  Kiver 


Bear  Ca&on 


Little  ThompBon 


FonilB. 


/nooeromia,  Ostrea 
lugttbrit,  Frionoey- 
€MU  Wjfomvngeiuu, 
Seaphitea  Warren- 
ana.  J.  problenuUi- 
cut. 


Inoeernmut 


CbarMter  of  etnta. 


Yellow,  shaly  aandttonea, 
ohAnging  higher  up  lota 
yellow  and  gray  ahalea. 
Farther  ap  black  abalea,  al- 
ternating with  brown  ar- 
gUlaceoae  aandstooeo. 
halea  near  top. 
Thin,  ahaly  limeatonea  near 
baae.  Higher  ap  Uoie- 
atone  ana  ahaiea  with  gyp- 
aum.  Partly  arenaceoaa. 
Three  handred  feet  of 
daric  gray,  partly  caleare- 
oaa  abalea.  KuHty  yellow 
and  brown  aandatone  on 
top. 
(Snction  not  complete.) 
Light  gray,  compact  lime- 
atonea near  baae.  Blue* 
gray  ahaly  limeatonea 
igner  np,  followed  by 
abaiy,  yellow  limeatonea. 
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Dimlnntion  of  thickneaa  from  weal  to  eaat  ia  noticeable. 
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Rio  San  Joan. 


White  River 


Animas  River. 


Jnoetion      of    Rio  a 
Blanco  and  San  Joan. 


Pagoaa  Springa 


Canyon  City 


BearCafioA 

Little  Thompaon 


OatrMf  OrypheM 


Inoeeramtu,  Otirea. 


Inoemumut 


Inoetramut 


JfMwersmtit,  Oatrea. 


Gray  and  yell'>w  ahaiea  with 
bi-own  aandatonea  toward 
middle.  Shalea  arcilla- 
ceona,  arenaceoua,  and  cal- 
careona  toward  top. 

Dark  gray  »hnlea.  Sand- 
atooea,  browo,  argillaoeooa 
near  baae  and  top. 

Dark  gray,  aliaoat  black 
ahaiea.  Toward  top,  thin 
atrataof  yellow  aandatonea 
and  brown  ahalee  with  coal- 
beda. 

Dark  gray,  foaailiferona 
ahaiea  at  baae.  Tellow 
aandatone  interbedded 
with  thin  Btrata  of  diale. 
Grayiah-brown  and  yel- 
luwiah  ahaiea.  Yellow  and 
white  aandatonea.  Thia 
extraordinary  widening  ia 
probably  local. 

Dark  gray  ahaiea.  Kear  the 
middle  thin  laminated 
aandatonea.  Sandatonea 
with  carbonaoeona  ahaiea 
at  top. 

Lieht  yellow  and  gray  ahaiea. 
Caloareooa  near  top,  with 
white  and  yellow  aand- 
atonea. 

Dark  argtllaoeoaa  ahaiea, 
growing  lighter  toward  the 
top. 

Fine  black  ahaiea  near  the 
baae,  followed  by  thin  beda 
of  crumbling  aandatonea. 
Higher  nn,  black  ahaiea 
again.  Thin,  dark  ahaiea 
and  alatea,  with  aome  beda 
of  limeatone  near  top. 
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900 
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1100 

400 
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400 


A  gradual  thinning  oat  of  the  atrata  can  be  obaerved  aa  we  proceed  eaatward. 
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Sgmapns  qf  the  geological  formaWms  found  in  Colorado— Coniinned. 


D 
O 
a 


S 


XooAllty. 


RioSttiMigael. 


FoeaUa. 


Inoui'mmtt,    Org- 
phcea. 


tTneompahgre  Gallon . 


AiiimM  BiT«r. 


BioFiedm 


Gannison  River 


SoathPUtteBiver... 


Grand  BiTer 


BearCalhm 


€hrgph43ea. 


Character  of  strata. 


Indietinct  plants 
near  top. 

Sastafratlike  8.  mir- 
abiie,    Seaphitu. 


ProtetXdn   like    P. 
aevUa, 


lodistioct  plants 
near  the  middle. 


White  and  light  jellov  mas- 
sive saodf^tones  near  base. 
Higher  up  heavy  l>eds  of 
yellow  saodstooes.  Tt?in 
BUidstonee  and  carbona- 
ceoas  shales  near  top. 

Yellow  and  white  sandstones. 
Some  shales  near  the  mid- 
dle with  anthrsoitic  coal. 

Heavy  white  and  yellow 
sandstooes  at  base.  Thin- 
ly bedded  with  shales  hi^b- 
er  np.  White  near  top, 
with  some  cnaL* 

Tellow  and  white  sandstones. 
Partly  qnartzitio.  Some 
shales  near  top. 

Tellow  and  pink  sandstones 
near  base  Series  of  shales 
and  sandstones  followed  by 
heavy  white  and  yellow 
sandstones  near  top. 

Massive  yellow  sandstones 
below.    Shales  and  shaly 
sandstones  with  carbona 
oeoas  matter  near  top. 

Lii^ht  green  sandstones  near 
bisse.  Mssaive  gray  and 
white  sandstones  with 
shales  near  top. 

Hard,  whlte,yeIlow  and  trrav- 
Ish  sandstones.  Thinly 
bedded  sandstones  with 
shales  near  top. 


A  decrease  in  thiohness  is  very  noticeable  going  from  west  to  east. 


•9 


Gnnnison  River . 


Roaring  Fork 


Eagle  River. 


South  Platte  River. 


Pleasant  Park. 


Kear  CaayoD  City. 


i^earCafioii. 


Ralston  Creak 


Gray  sandstones,  gray  and 
greeniah  shalee  and  marls 
near  base.  Dark  bloe 
limentonen,  shales  and 
saadsumes  near  top. 

Sandston<'S,  shales,  and 
marls  near  base,  shales 
with  some  blae  limestone 
near  too. 

Gray,  shaly  sandstones,  with 
limestones  higher  up. 
Shales,  marls,  and  lime- 
stones near  top. 

Red  limestones  near  base. 
Arenaceons  limestonesand 
calcareous  shales  higher 
np. 

Pink  and  white  limestones 
near  base.  Shales,  sand- 
atonea,  and  limestones 
near  ton. 

Gray  and  greenish  marls 
and  shales,  with  inter- 
strata  of  sandstones  and 
Umestones. 

Soft  red  sandstones  at  base. 
Alternating  sandstones 
and  limestones,  with  some 
shales  near  top. 

Red  arenaceons  shales  and 
argillaceous  sandstones 
near  baae.  Ysriegated 
shalea,  with  thin  strata  of 
limestones. 
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1000 


900 
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800 
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359 
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960 


150 


460 
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870 
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SynoptU  of  ike  geologioalfifrmatUms  found  in  Colorado — ^Contioaed. 


LocMOity. 


Tottils. 


Big  Thompaon 


Saint  Yraia's  Creek 


Br.  Hajdeo.  Report 
1869,  o.  119,  foaod 
on  Box  Eldor 
Creek,  nonli  of 
Big  Thompfion,  a 
•peoieii  of  Ostrea 
aod  Pentaeritmt 
ait§ri$cut. 


Clunoter  of  strata. 


Bedilisb  •  grey  aaDdstooe 
below,  thin  beds  of  liiiie> 
stone  and  variegated  clays 
hlgber  op. 


Red  sbal?  sandstones  sear 
bass,  alternating  beda  of 
son  sandstonei*  and  sbales, 
with  limestones  near  top. 


Arerage  thiokoess  of  strata. 


S 

S 


490 


e 

N 

O 

m 

B 


CO 


I 


Unaweep  Cafton. 


Rio  Dolores 
Eagle  River 


Near  Greenbom  Mts. 


Near  Canyon  City. 


Boath  Platte  River 


Pleasant  Park. 


61«n  Syria 


Qarden  of  tba  Gods 


South  of  Gk»lden. 
NearGKtlden  .... 


Little  TbompsoB 


Massive  red  sandstones  and 
shales. 

Red  sandstones  snd  shales. 

Bedf  massive  sandstones, 
with  sows  white  near 
base.  Lijr^'ter  colored  and 
shaly  toward  top. 

Heavy  aandatones.  becoming 
slialy  toward  the  middle, 
changing  with  white  sand- 
stones near  ton. 

Massive  red  saoostones  with 
white  and  red  sandstoaes 
and  shales  near  top. 

White  and  red  mottled  sand- 
stones, red  and  tvhite,  with 
red  bands  near  top. 

White  and  rerl  sandstones 
near  bate.  Massive  red 
near  top. 

Massive  ved  sandstones, 
pink  and  white  higher 
up. 

Rea  and  white  sandstones, 
with  brilliant  red  shales. 


sandstones, 
White  and 


Red    massive 

witb  shales. 

pink  near  top. 
Here  the  groap  has  shmnk 

considerably.    Mainly  red 

sandstone. 
Solt,  red  sandstones  below. 

Above  them  S30  to  300  feet. 

sbaly  sandstones,  capped 

by  aooat  950  fioet  massive 

red  sandstones. 


Average  thickness  of  strata 


10OO 
lOOO 


190O 
9100 
150O 
1100 


ISOO 

to 

900O 

1000 


400 

790 


1000 


o 

O 


IB 


Eagle  River 


GUomitet  SuekwU, 
Stiffmaria/ueoidet, 
Oaiamitei  gigv. 


Eagle  River 


Indistinct  rsmains 
of  plants. 


Sandatoies  and  shales  with 
limestmes  toward  taetop. 


Extensive   series  of    sand- 
stones, shales,  and  lime- 


809 


UM 
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Sifnopsia  of  the  geologUMl  formations  found  in  Colorado — Coatinned. 
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Locality. 


FiwbUb. 


Head  of  Salt  Creek. 

Dolores  region 

AnlmuBSiver 

Minoral  Creek 

Park  ruige 


YetaPaaa. 


Sdogre  de  CiiatoBonge. 


ArkoDaaa  Biver 


AtkyrU      aubtOUa, 
I*roduetu$, 


Clunicter  of  strata.  * 


SigfOaria,  OdamUu, 
Produehu,  Spirifer^ 
AthyrU. 


Ori$uXdt,  Prodwtuit 
Spirifm;  Orthit, 

Orin4ndt,eoraU. 


Pink  Mid  red  sandstones  and 
shales  with  gyp«nm. 

Pink,  oouglomeritio  sand- 
stones, and  red  sbnlee. 

Bed  sandstones  with  inter- 
strota  of  shales. 

Bed  sandstones,  partly  oon- 
glomerltic. 

Bm,  pink,  and  maroon  sand- 
stones with  thin  beds  of 
limestone. 

Bed  sandstones  and  shales 
with  bonds  of  limestone. 


Bed  sandstones  with  inter- 
strata  of  shales  and  bands 
of  limestone. 

Massive  red  sandstones  with 
limestones. 


Average  thickness  of  strata. 


Head  of  Salt  Creek. 


Animas  near  Cascade 

Creek. 
Animas  near  Junction 

Creek. 


Ea^e  Biver 


BIk  Mountains. 


\ 


ParkBange 


GhfandBlver . 
Badger  Creek 


Indistinct  plants 

I^roduetut  temittria- 
hu,  Athyrit  rnbii- 
lita,  Spirifer, 

AvieiUa,  Avieulcpee- 
ten,  Pieurophdrut. 

Prod^tehu,  AOiyris, 
Ehynehonella, 
HemfpronUet,  Bet- 
tia. 

Prodxututt  Athyrit, 
Sfpir^er.. 


Orthitf     Produatu$t 
OrtMoerae. 


Sandstones,  shales,  and  prob- 
ably limestones. 

Yellow  and  gray  sandstones 
and  shales. 

Occnrring  in  limestones  be- 
longing to  top  of  sandstone 
and  shale  feries. 

Yariegated  sandstones  and 
shales,  with  limestones 
near  base. 

Yellow,  gray,  and  reddish 
sandstones  and  shales  with 
limestones. 

Greenish  and  gray  sand- 
stones and  shales.  Lime- 
stones. 

Yellow  and  grfiy  sandstones 
and  shales. 

Gray  and  brown  sandstones 
and  shales.    Limestones. 


Average  thickness  of  strata 


Head  of  Salt  Creek.. 
Near  Animas  Biver . 


Eagle  Biver. . . 
ElkMoontalBS 


PorkBonge. 


Pleasant  Park 


Produetiu,  0ri9uyUlit 

Oorale. 
Prodwtuit  Spirifer, 

Onmnde, 


Ttre^atuXa,  Spiiife' 
rina. 


Shaly  sandstones  and  bine 

limestones. 
Massive  blue  limestones. . . . . 


Massive  limestones 

Limestones  and  calcareous 
shales. 

Blue  limestones  are  pre- 
dominating. Arenaceous 
shales. 

Cherty  blue  and  gray  lime- 
stones. 


Average  thickness  of  strata. 


n 


:a 


1700 

1000 

1400 

1800 

9000 

to 

9500 

2S0O 


9400 
4000 


9000 


3500 
1900 
1300 

9500 


1300 

to 

9000 

9000 


640 
800 


1700 


300 

400 

500 
600 

300 
to 
400 
114 


380 


9a 
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^jnupfd  ^tti  fttiogioal  fomaUont /owkA  i»  Culoroio— Cod  tinned. 


LtnuCnek 

SoaUl  of  Uoimt  Om  - 


BaglaBInr 

Fonr-mllB  Unek 

North  otUoiiDtOon;. 

VnrVb    ot 

Rivtr. 
TmntCreok. 


AOi^rii,     Salm 


ntttncrtaiu,  Orl^- 

Lfngullpil,    OMtu, 

ra,  Euemphaiui. 


ChHMtcT  of  atoala. 


Lli^t  Udo  IlmmtonH,  a 


OiKriclte*.  Hiidali»e«, 

blue  limeatDDM. 
Bloe  ■nd  gr»y   llmtBt 

partly  muKaedin- 
TAgbt  gnj  lind  bins 

Dnrk  RTa;  quutiitdo  : 

Bed   ulflnmai  KutdaConM 

Hiinl  enyllmeatosga.Q'xrti- 
lliols  pan. 

RedahalftlnicalolM... 


Lima  Creak 

BkI*  BiTcr 

Tnar-mDeCnak... 


TnMtCiwk 

Nonh  of  Houat  Oamj. 
N«rCu;onClt;  .... 


Wh  lla  ■ondatone  and  qnarti- 
White  qnuUltaa 

Bad  uidslDkauidMoDMUid 

Telhiir  and  piDk  nodtitDTm 
White  Md  plak  quartiitea  . 

TarlaiatAd   inluuinDa   --* 
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THICKNBSSES  OF  FOBHATIOITS  AT  CBBTAIN  LOCALITIES. 


Ijooahty. 


WUte  Itt^cr  and  Grand 


Bi 


WkitBBlTer. 


Kesknof  BloPiedn 


U^-atrw 

TkmuXPwrk 

BwrCafton 

SdntYiain'sCnek 


UiMvwp  Cafiofk 
E^Blver.... 
Canyon  City 

PiMMDt 

6kn£ 
Uttte 


syrio 

XllOllipiOD. 


KicbBlTur 


Hand  of  Salt  Cveek. 


BukBnge... 

BkKoimtaiiis 


Ubm  Creek. 


Xa^RlTor 


Four  Kile  Creek 

l^ortii  of  Mount  Oaray 


Oka  Eyrie 


Gronpe. 


C  Green  IUf«r 
rWabafttoh  . . 
Waheatah  .... 


TmrtSary, 


Foit^Onloeeoui. 


C  Fox  Hills , 

<  Colorado.. 
(Dakota... 

iFoxHiUa. 
Colorado.. 
Dakota... 
C  Fox  HQls. 

<  Colorado. . 
(Dakota... 

!  Fox  Hills. 
Colorado.. 
Dakoto ... 
(Fox  Hills. 
{Colorado. 
(Dakota  ... 


Of€toeitfm. 


Jura, 


Triat. 


Ptrmian. 

(Permian , 

I  PexmoKHtfbonlferoas 


Oartfon^erouM. 

(  npp^r  Carboniferons 

<  Hiadle  Carbooiferons 

(  Lo'vrer  Carbopiferoas 

S  Upper  Carbooiferoas 
Miadle  Carbon  iforoos 
Lower  Carboniferons 


! 


I 

i 


<  Middle  Carboniferons 

C  Lower  Carboniferons 

C  Upper  Carboniferous 

<  Miadle  Carboniferons 

( liOwer  Carboniferons } 


! 


DtvonitMrn 


i Trenton  (?)., 
Caloiferons 
Potsdam.... 
5  Calciferons 
( Potsdam.... 
5  Caloiferons 
(Potsdam.... 
<  Calciferona 
i  Potsdam 


Marion. 


! 


Thickness. 


5300 
nOO  to9600 


S700 
3900 


3500  to  4800 
3400 
3000 

3600  to  5000 

750 


960 
460 

trro 

450 


000 
1000 
1900 
1900 
1100 

750 


9300 

5500 

3100 
4300  to  4900 
4500  to  5000 

1200  to  1500 

770 

360 
400 

110 


AddiDg  the  thiokaess  of  all  the  sedimentary  formations  occurring  in 
ColoradOi  we  an-ive  at  the  maximam  result,  giving  a  thickness  of  24,500 
feet. 


MINERALOGICAL  REPORT  OF  F.  M.  ENDLICH,  S.  N.  D. 


LETTER  OF  TRANSMITTAL. 


Washington,  D.  C,  January  2, 1878. 

SiB:  I  have  the  honor  herewith  to  transmit  the  ^<  Catalogue  of  Min- 
erals found  m  Colorado."  It  has  been  made  as  complete  as  possible,  up 
to  date. 

A  plan  differing  from  that  previously  followed  has  been  adopted. 
So  tar  as  practicable,  analyses  of  Colorado  minerals  have  been  given. 
They  will  aid  examination  and  show  the  interest  taken  by  specialists  in 
the  minerals  from  this  State.  All  available  material  has  been  utilized 
in  the  preparation  of  the  catalogue.  A  systematic  enumeration  of  the 
Ck>lorado  mineral  species  and  references  to  the  publications  thereon  have 
been  added. 

I  desire  here  to  thank  those  gentlemen  to  whom  I  am  indebted  for 
verbal  and  written  information. 
Hoping  that  the  subjoined  pages  may  meet  your  requirements, 
I  am,  very  respectfully,  your  obedient  servant, 

FREDERIC  M.  ENDLICH. 
Dr.  P.  Y.  Hayden, 

Geologist  in-charge  United  States 

Geological  and  Oeographical  Survey  of  the  Territories. 
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CATALOGUE  OF  MINERALS  FOUND  IN  COLORADO. 


By  F.  M.  Eivblich,  S.  N.  D. 


The  oontinaoas  development  of  mineral  resources  of  Colorado  is  pro- 
dactive  of  a  more  complete  knowledge,  not  only  of  their  distribution, 
bot  of  their  specific  character.  In  1873, 1  pabliphed  my  first  cataiogae 
of  minerals  of  that  Territory.  An  enlarged  list  was  printed  in  the 
United  States  Geological  £eport  for  1875.  Now,  the  survey  of  Colorado 
is  oompleted,  many  additions  of  species  new  to  the  State  and  of  new 
localities  for  known  ones  have  been  obtained.  With  a  view,  therefore, 
of  preseotiDg,  as  complete  as  possible,  a  catalogue  of  Colorado  minerals 
I  have  undertaken  its  preparation  a  third  time.  In  so  doing,  I  have 
availed  myself  of  all  accessible  material.  Publications  and  private 
communications  by  the  following  gentlemen  have  furnished  very  material 
aid  in  the  completion  of  the  work:  Dr.  F.  Y.  Hay  den.  United  States 
Geologist ;  Oapt.  E.  L.  Berthond,  Golden,  Colo.;  Prof.  J.  D.  Dana,  New 
Haven,  Conn.;  Prof.  P.  Frazer,  E.  M.,  Philadelphia;  Pro£  F.  A.  Genth, 
University  of  Pennsylvania,  Philadelphia ;  E.  Goldsmith,  Philadelphia ; 
J.  D.  Hague,  E.  M.,  Survey  of  the  Fortieth  Parallel ;  Prof.  N.  P.  Hill, 
Black  Hawk,  Colo.:  W.  H.  Holmes,  United  States  Geological  Survey; 
Br.  6.  A.  Koenig,  Philadelphia ;  Dr.  O.  Loew,  Survey  West  of  the  One 
Hundredth  Meridian ;  Prof.  J.  E.  Mallett,  jr.,  Canyon  City,  Colo. ;  W. 
McCree,  £.  M.,  Del  I^orte,  Colo. ;  Dr.  A.  C.  Peale,  United  States  Geolog- 
ical Survey ;  Mr.  Bichard  Pearoe,  Black  Hawk,  Colo. ;  Mr.  Peters,  E.  M., 
^urplay,  Colo. ;  B.  J.  Baymond,  United  States  Mining  and  Mineral 
Commissioner;  Prof.  J.  F.  L.  Schirmer,  Denver,  Colo. :  A.  von  Schulz, 
^  M.,  Black  Hawk,  Colo. ;  Prof.  B.  Silliman,  New  Haven,  Conn. ;  J. 
Alden  Smith,  State  Geologist,  Boulder  City,  Col. 

An  arrangement  has  l^n  followed  differing  somewhat  from  that 
Adopted  in  previous  catalogues.  So  far  as  was  possible,  only  well-accepted 
iDineral  sp3cies  have  been  enumerated,  without  according  specific  posi- 
tions to  the  varieties.  The  most  popular  names  for  certain  species  have 
Wn  inserted,  and  references  have  been  made  leading  to  the  name 
accepted  by  mineralogists.  It  is  intended  that  every  available  analysis 
of  Colorado  minerals  should  be  given.  Necessarily  many  that  have  been 
made  and  might  prove  valuable  cannot  be  obtained.  So  far  as  possible 
thia  intention  has  been  carried  out.  Analyses  of  ores  or  metal-assays 
M  not  given,  as  they  would  be  of  no  mlneralogical  value,  however  inter- 
esting to  the  miner  and  smelter. 

A  gystematic  enumeration  of  the  species  occurring  has  been  given  at 
the  end  of  the  catalogue.  It  is  arranged  in  accordance  with  Dana's  sys- 
tem of  mineralogy.  In  addition  thereto,  reference  is  made  to  publica- 
tioos  bearing  upon  the  mineralogy  of  the  State  of  Colorado. 

TlDdoubtedly  the  most  interesting  mineral  occurrence  in  Colorado  is 
that  of  the  tellurides.  Gold,  silver,  lead,  iron,  mercury,  and  oxygen  are 
eombined  with  the  tellurium,  forming  compounds  that  have  either  been 
eoQsidered  heretofore  as  ampng  the  rarest,  or  were  totally  unknown  to 
^ieoce.  At  no  place  have  tellurides  occurred  in  such  large  quantities 
^d  in  such  admirable  form.  As  ores  they  are  greatly  sought  after  on 
ikccoant  of  the  high  percentages  of  gold  and  silver  they  contain.  Another 
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rare  occarrence  is  that  of  the  pitchblende.  It  is  to  be  regretted  that 
the  mine  is  not  worked  at  present,  and  has  not  been  for  several  years. 
Thus  much  that  might  be  learned  as  to  its  distribution  in  the  vein  is 
lost. 

Among  those  minerals  classed  as  '^ores,"  the  argentiferous  species  are 
prominent  in  Colorado.  Compounds  of  sulphur,  antimony,  tellariam, 
bismuth,  arsenic, and  other  metals  and  metalloids  with  silver,  are  foand  in 
varying  ratio.  Galenite  may  be  regarded  as  invariably  silver-beariug.  I 
have  made  more  than  a  hundred  assays  of  western  galenites  and  have 
never  failed  to  find  the  precious  metal.  It  remains  to  be  said  that  the  per- 
centage is  highly  variable,  and  that,  as  a  rule,  it  is  small  unless  argentite 
be  present  in  the  mineral.  This  is  not  unfrequently  the  case.  It  may 
be  noticed  that  many  very  coarse-grained  galenites  show,  upon  break- 
ing, dark  gray,  or  black,  dull,  cleavage-planes.  This  is,  in  many  in- 
stances, produced  by  a  very  thin  coating  of  argentite. 

It  is  not  to  be  supposed  that  the  number  of  minerals  occurring  at  any 
particular  locality  could  be  fully  ascertained  by  members  of  the  siirv^ 
while  examining  the  region.  During  the  regular  field-work  only  such 
mineral  localities  will  l:^  obtained  that  happen  to  be  found  more  or  less 
accidentally.  It  may  be  hoped,  therefore,  that  in  future  years  more 
knowledge  will  be  gained  regarding  the  non-metalliferous  minerals.  Of 
these  the  enumeration  at  the  present  time  is  rather  meagre. 

Thus  far  but  comparatively  few  epigene  minerals  havebeen  found  in 
Colorado,  considering  the  large  number  of  mines  worked.  With  increas- 
ing depth  of  the  mines,  and  time,  no  doubt  the  mineralogist  will  event- 
ually be  rewarded,  and  will  find  many  a  secondary  mineral-product  that 
now  he  looks  for  in  vain.  Upon  undisturbed  dumps  a  few  such  species 
have  been  collected. 

Should  further  discoveries,  or  more  complete  esamination  of  the  min- 
eral regions  already  known  warrant  it,  I  propose  to  prepare  another 
edition  of  the  catalogue  whenever  such  preparation  may  seem  advisable. 

Agtinolite. — In  radiated  form,  of  ligh^green  and  bluish  green  color,  on 
Mount  Ouray ;  on  Buffalo  and  Sopris  Peaks ;  crystallized  at  Bergeo^s 
Eanch,  Jefferson  County  ^  on  Boulder  Peak. 

AQAT^.^^See  Quartz. 

Alabandite— At  Quartzville. 

Alabaster. — See  Qtpsum. 

Albitb.— Quartz  Hill,  Central  City ;  Gold  Hill,  Boulder  County. 

Almai^dite. — See  Oabnet. 

Allophanite.— Franklin  Mine,  in  Gilson  Gulch ;  Fowler  and  Wells's 
Branch,  Sugar-Loaf  district. 

Altaite.— Bed  Cloud  and  Cold  Spring  Mines,  Gold  Hill.  It  occurs  in 
various  mines  of  the  Sunshine  district ;  minute  crystq^ls  were  obtained 
from  the  Bed  Cloud.  Analyses,  published  by  Genth, •  show  the  follow- 
ing result.    The  specimen  was  from  the  Bed  Cloud  Mine: 

Per  cent.  Per  cent. 

Quftrtz 0.19  0.32 

Gold 0.19  0.16 

Silver 0.68  0.76 

Copper 0.06  0.06 

Lead 60.22  60.53 

Zinc 0.16  0.04 

Iron 0.48  0.33 

TeUurium 37.99  37.51 

99. 90        99. 74 

•  Proo.  Am.  PhU.  Soo.,  PhUadelphia.    Vol.  XIV.,  p.  226, 1876. 


mucH.}  CATALOGUE  OF  COLORADO  MIKERAIJ3.  137 

Alum. — ^Monnt  Vernon. 

Aluicinite. — Monnt  Vernon. 

AiLALOAMiTE. — ^Occurring  in  connection  with  coloradoite  in  the  Key- 
stone JMLiue,  Bonlder  Goanty. 

Amber. — (One  specimen  found  near  the  head  of  Cherry  Greek.  This 
may,  however,  be  one  of  the  namerons  resins  occurring  in  tbe  lignitio 
coal.     They  resemble  amber,  but  differ  in  composition.    See  Wuebl- 

ERTTE.) 

AJCETHT8T.— i8^  Quartz. 

Amanthite. — North  Boulder  Creek. 

Amphibolite. — Occurs  at  numerous  localities  in  the  dikes  traversing 
granite.  Small  acicular  crystals  can  be  obtained  from  the  porphyritic 
and  sanidinitic  trachytes.  Good  crystals  are  rare*  Found  on  Buffalo 
Peaks ;  Montgomery ;  Head  of  Ohio  Greek  in  volcanic  breccia ;  on 
tbe  Gnnnison  in  trachytes. 

Analcite. — ^In  minute  crystals  in  basalt,  near  Uncompah^re  Peak. 

ANDB8ITE. — Miuutc  Crystals  in  tbe  trachytes  near  Black  Mountain. 

Anglbsite  — ^Freeland  Mine,  on  Trail  Creek.  In  crystals  at  the  Horse* 
shoe  lead  mine,  in  South  Park.  Clifton  lode,  at  Central  City.  Pros- 
pector lode,  in  Arastra  Gulch,  near  Silverton. 

Anhydrite. — ^On  Elk  Creek.  Crystallized  at  the  salt-works  in  South 
Park. 

AnTHOPHYLLiTE.— North  Boulder  Creek. 

Anthracite.— Anthracite  Creek ;  "O  Be  JoyfuP  Creek;  in  the  Elk 
Mountains;  in  Uncompabgre  Caiion.  Tbis  anthracitic  coal  is  of 
Lower  and  Upper  Cretaceous  age.  Partly  its  greater  age,  partly 
other  causes,  have  given  to  it  the  anthracitic  character.  Nearly  all  of 
it  was  originally  simply  bituminous  coal.  Dr.  Peale,  with  reference 
thereto,  says:*  ^^The  eruption  of  the  traebyte  found  near  tbe  coal 
first  mentioned,  probably  so  heated  it  'as  to  deprive  it  of  the  bitu- 
minous matter."  An  analysis  made  by  Dr.  Peale  of  coal  from  An- 
thracite Creek  furnished  the  following  result : 

Water l.fiO 

Fixedcarbon 68.20 

Volatile  combustible  matter .3. 40 

Aeh , 6.80 

An  average  taken  from  seven  analyses  of  Elk  Mountain  anthracite 
famishes : 

Water 2.757 

Fixedcarbon 77.360 

Volatile  combaetlble  matter 13. 620 

Ash 6.291 

Specific  gravity 1.740 

AXTIMONT. — €k)ld  Hill;  found  there  in  minute  crystals. 

Antbimolite. — See  Mesolitk 

Apatitk. — At  Fairplay. 

Apophylute. — ^Hunt's  Peak.  Beported  from  some  of  the  basalts  near 
San  Luis  Valley. 

Abagonite. — Occurring  in  the  form  usually  termed  flos  ferric  very 
beautifully  in  Marshal's  Tunnel,  Georgetown,  Oolden.  Table  Moun- 
tain. In  the  trachytes  near  Del  Korte ;  on  the  Rio  Grande,  above 
Fir  Greek ;  at  Idaho  Springs. 

•  Kep.  U.  8.  Geol.  Surv.,  1874,  p.  176. 
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Arfvedsonite. — Occars  in  qnartz  in  El  Paso  Ooanty.  An  aDalysi 
laruished  Dr.  6.  A.  Koenig  the  following  resolt  :* 

Percent 

Si  Os 49.83 

TiOa 1.43 

Zr  Ob 0.75 

AlaOs -•• trace 

FeaOs 15.88 

FeO  17.95 

Mn  O L75 

lf%\  8.33 

KaO 1.44 

MaKO 0.41 

Ignition 0.31 

»7.OT 

Abgentite. — Colorado  Central  Mine,  Terrible,  and  other  mines  nesu 
Georgetown^  in  the  No-Name,  Caribon,  and  others  at  Caribou;  in 
some  of  the  silver  lodes  near  Nevada ;  in  the  Senator  lode  of  the 
Hardscrabble  district ;  in  many  of  the  lodes  of  the  San  Jnau  mining 
region  associated  with  fahlerz  and  pyrargyrite.  At  the  Silver  Star, 
Moose,  and  other  mines  near  Fairpla>.  Usually  it  is  foand  in  small, 
irregular  particles  or  seams,  rarely  crystallized.  Decomposition  re- 
sults in  the  formation  of  native  silver. 

Arsenopyrite. — Crystallized  and  massive  in  the  Bobtail  and  Gonnel] 
mines.  Intimately  associated  with  pyrite  and  chalcopyrite  there« 
Generally  auriferous.  Together  with  silver  and  copper  at  the  Park 
lode,  Bergens  ranch.  Occurs  also  in  the  Priest  Mine  near  Fairplay. 
With  frauklinite  on  Bio  Dolores,  Nevada  district,  Gilpin  County. 

Asbestos.-— Occurs  in  small  quantities,  partly  radiated,  near  Cariboa. 

Asphalt. — Found  in  the  White  Biver  region.  It  occurs  in  veins,  is  very 
compact  and  brittle.  Occurs  in  springs  near  the  summit  of  the  Book 
Cliffs ;  Can jon  City.  (Loew.)  Several  of  the  petroleoid  products  of 
Colorado  have  been  termed  asphalt. 

ASTROPHYLLITE.-— Occurs  in  quartz  on  Cheyenne  Mountain.  Imbecldod 
in  quartz  in  £1  Paso  County.  An  analysis  furnished  Dr.  G.  A.  Koe- 
nig the  following  result  :* 

Per  oent 

SiOa 34.68 

TiOa 13.58 

ZrO« 2.50 

FPaO» 6.56 

AlaOa - 0.70 

FeO 26.10 

MnO...  3.48 

K9O 5.01 

NaaO  2.51 

MagO 0.30 

CuO 0.42 

TaOa 0.80 

HaO 3.54 

99.91 

Atacamite. — On  Kendall  Mountain  in  some  of  the  argentiferous  lodes 

near  Howardsville. 
Aventukine  FELDSPAR. — See  ORthoclase. 
Aventurine  Quartz. — See  Quartz. 

*  Proo.  Ae.  Kat.  Soi.  PhiL,  Part  i,  1877,  p.  9. 
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AZTSITE. — ^Id  the  I^o-Name,  together  with  malachite,  the  resalt  of  de- 
composition of  fahlerzy  Caribou ;  in  the  Bosita  mines  in  Hardscrab- 
ble  district ;  in  the  mines  around  Fairplay  and  Idaho  j  on  Trail  Greek ; 
Crater  Monntain :  in  the  mines  of  the  Elk  Mountain  district,  Mala- 
chite lode.  Bear  Creek,  Oendhemas  lode,  Tucker's  Oulch.  Generally 
the  azarite  is  regarded  as  '^ blossom-rock''  by  the  miners.  If  result- 
ing fit>m  the  decomposition  of  fsMerz  it  usually  indicates  silver-bear- 
ing ore.  No  crystals  of  any  size  were  observed,  the  largest  scarcelv 
measuring  0.5  millimeter.  Small,  very  brilliant  crystals  were  found 
OQ  Kendall  Monntain,  near  Howardsville. 

Baritb. — ^In  dear,  yellow,  tabular  crystals  in  the  Tenth  Legion  Mine, 
at  Empire ;  colorless  crystals  in  the  Terrible,  at  Georgetown ;  near 
Canyon  Oity,  transparent  crystals  are  found  in  the  arenaceous  shales  of 
that  region.  Crystals  occur  in  the  limestones  near  Fairplay }  on  the 
Apishpa  Biver^  crystals  with  fine  terminations  are  found.  Barite 
occurs  also  in  Gilson  Gulch,  Georgetown ;  Montezuma ;  white,  red, 
and  brown  in  Clear  Creek  Canon ;  on  station  17  of  1873,  and  on  sta- 
tion 46  of  1873.    At  the  Bosita  mines. 

Basaottb. — See  Quartz.  . 

B£BYL. — ^On  Bear  Creek,  TiflTany's  Banch;  Stone  Dam,  Jefferson  County. 

BioTiTE.— On  Buffalo  Peak  and  station  64  of  1873.  Several  of  the 
trachytes,  more  particularly  the  porphyritic,  contain  small  crystals 
of  biotite.  It  is  also  found  in  some  of  the  basalt.  When  decomposed 
it  becomes  splendent  brown,  otherwise  it  is  very  dark  green,  brown, 
or  black. 

Bismuth. — ^French  Gulch. 

BiSKUTHiNiTE. — ^lu  the  Las  Animas  Mine,  pseudomorphous.  Dr.  O. 
Loew*  mentions  copper  and  iron  as  occurring  in  the  bismuthinite  of  the 
Ward  district*    Occurs  in  the  Pittsburgh  Mine,  Clear  Creek  County. 

BisMUTiTE. — ^From  the  Las  Animas  Mine,incrusting  the  preceding  min- 
eral. 

BmjinNOus  Coal,.— See  Coal. 

BoBNTTB. — Found  on  Bio  Dolores ;  San  Juan  region ;  at  Copperville, 
near  Cahon  City. 

BoxjfiNONiTS.— Terrible  Mine,  near  Georgetown,  in  small  crystals. 

Brccitb. — On  James  Creek. 

Calamine.— Park  County. 

Galayebite. — Associated  with  other  tellurides  in  the  Bed  Cloud.  Good 
crystals  have  been  obtained  from  Sunshine  district.  Found  in  the 
Keystone  and  Mountain  Lion  Mine,  Boulder  County.  Genth  pub^ 
Ilshes  an  analysis  of  calaverite,t  and  obtains  the  following  result : 

P«r  ooat. 

Au 3a75 

Ag 3.05 

Te 57.32 

Va  O, 0.05 

F«0 0.30 

AlsOsMg.O,&o 0.55 

100. 00 

Caloite. — In  small  crystals,  scalenohedra,  at  the  Monte  Cristo  Mine> 
Central ;  Mount  Vernon ;  Bergen's  ranch  ;  rhombohedral  crystals  on 
Cheyenne  Mountain  ;  in  the  limestones  of  Sonth  Park ;  in  the  car^ 
boDiferous  limestones  near  the  Arkansas  Biver,  lining  cavities ;  sea- 

*  EtploratiODs  and  Sarveys  West  of  the  100th  Meridiaoi  vol.  iii,  p.  636. 
tZeitaohr.  fUr  KxysU  ood  Min.,  P.  Groth,  vol.  ii^  No.  1,  p.  6, 1877. 
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loDohedra  in  the  Elk  Mountain  district ;  fibroas  in  Tront  Creek  Paxk 

on  Frjingpan  Greek.    Brown,  rosecolored,  yellow,  and  white  o; 

Table  Mountain  at  Golden ;  scalenohedra  and  combinations  of  rbom 

bohedra  in  quartz  geodes  near  Ouray. 

Marble. — ^Marble  occurs  at  several  localities  in  Colorado.    North  c 

the  Gunnison  near  Taylor  River  Park  is  perhaps  the  most  es 

tensive  deposit. 

Oaledonite. — Freeland  Mine,  Trail  Creek. 

Gaolinite. — Camp  near  Mount  Princeton.  The  white,  chalk-like  blaffi 
on  Chalk  Creek  near  Mount  Princeton  owe  their  appearance  to  thi 
presence  of  caolinite.  There  it  is  the  product  of  decomposed  oligo 
clase, 

Oarnallitb. — Salt-works,  South  Park. 

Carnblian. — See  Quartz. 

Cbrargtrite.— Gilpin  County  lode,  Black  Hawk.  Small  compact 
quantities  in  the  Wade  Hampton  Mine,  Argentine,  Caribou.  SmaU 
specimens  were  obtained  from  the  Bed  Cloud  Mine,  Gold  Hill.  At 
the  Eosita  mines.    Reported  from  Upper  Animas  region. 

Cbrussite. — J.  P.  Whitney  Mine;  in  very  small  crystals.  Central ;  No- 
Name,  Caribou ;  Caribou  mine ;  Silver  £Lill8  mines  and  Bosita  mines, 
in  the  Hardscrabble  district.  Freeland  Mine,  Trail  Creek.  In  the 
Horseshoe  Mine  it  occurs  earthy,  and  is  found  throughout  the  mines 
of  Elk  Mountain  district.  Canon  City.  Found  also  in  the  Prospector 
lode,  Arastra  Gulch,  near  Silverton. 

Chabazite. — Golden,  Colo.,  Table  Mountain.  In  basaltic  geodes  near 
Uncompahgre  Peak. 

GHALOANxniTE. — Ou  Clear  Creek,  below  Black  Hawk,  in  a  deposit,  and 
on  several  dumps  near  Central,  in  this  case  an  epigene  species  of 
chalcopyrite. 

Chalcedony. — See  Quartz. 

Chalcooite. — Bergen  district,  near  Idaho  City.  Liberty  lode.  Bear 
Creek,  Canon  City.    At  the  Bosita  mines. 

Chalcopyrite. — Malachite  and  Pocahontas  lodes.  Bear  Creek.  Aurif- 
erous in  the  Bobtail,  Winnebago,  Dallas,  Gunnell,  Bunning,  Kansas, 
Alps,  California,  and  other  mines  at  or  near  Central ;  mostly  it  occurs 
compact,  intimately  associated  with  pyrite.  It  is  found  in  every  pay- 
ing gold  mine  of  Gilpin  County,  and  the  miners  seem  to  think  a  great 
portion  of  the  ^^  pay"  dependent  upon  its  presence.  It  also  occurs  in 
the  Terrible,  Pelican,  Gold  Stream,  and  other  mines  of  Georgetown, 
as  well  as  in  those  of  Caribou  and  H^scrabble.  In  the  Trinidad 
gold-mining  district,  near  Culebra  Peak ;  in  the  gold  and  silver  mines 
of  Fair  Play  and  the  Elk  Mountain  district ;  on  the  Dolores  Biver 
near  Mount  Wilson. 

Chloanthitb. — Arkansas  Biver. 

Chlorite. — Oh  Mount  Princeton;  on  Trail  Creek ;  on  Sopris  Peak.  At 
some  localities  chlorite  replaces  the  mica  either  in  granite  or  schists. 
Mostly,  the  mineral  occurs  only  in  very  thin  flakes  without  crystalline 
faces.  « 

Chlorophanitb.— Bergen  district. 

Ghromite. — Massive,  Silver  Hills  and  Fair  Play. 

Ohrysooolla.— Champion  lode,  Trail  Creek,  Canon  City ;  Allen's  cop- 
per mine,  head  of  San  Luis  Valley. 

•Ohrtsolitb. — So  far  as  can  be  determined,  the  chrysolite  associated 
with  the  Fort  Defiance  garnets  extends  into  Colorado.  (Compare 
Lieutenant  Wheeler's  Annaal  Beport  1875,  Vol.  iii.,  p.  105.) 

Chrysoprase.— iSee  Quartz. 
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)AL.-— (Compare  Anthracite.)  Coal  occars  and  is  worked  at  a  nam- 
ber  of  localities  in  Colorado.  Two  borizons,  mainly  of  coal-beds,  can 
be  distinguished — the  Cretaceons  and  the  Post-cretaceons.  With  the 
exception  of  the  anthracold  coal  of  the  Elk  Mountains  and  adjacent 
rej^ons,  the  Colorado  coal  is  mostly  a  coking  or  binding  bitumvums  coal: 
Some  of  the  banks,  however,  furnish  coal  that  cannot  be  utiUzed  for 
cokiDg  pm-poses.    Ail  of  this  is  the  coal  to  which  tbe  term  ^*  lignite'^ 

I' has  been  applied.  Cretaceons  coal  is  fonnd  on  the  divide  between  the 
^Unoompabgre  and  Cebolla,  Elk  Mountains,  on  the  Lower  Animas,  tbe 
I  Florida,  and  on  the  La  Plata.  Post-cretaceous  coal  occurs  along  the 
,F^Dt  Range :  near  Boulder,  at  Golden,  at  Colorado  Springs,  at 
GaDOD,  near  Paeblo  and  Trinidad,  and  westward  from  that  town.  On 
Troot  Greek  Pass.    In  the  region  of  tbe  White  River  a  number  of 

I' coal  veins  are  found,  belonging  to  this  group. 

Four  analyses  of  coal  from  the  Animas  region  furnished  the  foUow- 
iog  average  result : 

Water 3.730 

Fixed  carbon .'...61.126 

Volatile  combastible  matter 30. 677 

Ash 4.472 

>  Specific  gravity 1.346 

Two  analyses  of  coal  from  Boulder  furnished  the  following  average^ 
lesolt: 

Water 13.305 

Fixed  carbon 50.340 

Volatile  combustible  matter 32. 950 

Ash 3.405 

Specific  gravity •...•     1.270 

Eleven  analyses  of  coal  from  Golden  gave  the  following  average* 

resolt: 

Water 12.165 

Fixedcarbon 51.989         • 

Volatile  combustible  matter 3(.  776 

Ash 3.900 

Specific  gravity 1.341 

Four  analyses  of  coal  from  Colorado  Springs  presented  the  follow* 
uig average  result: 

Water 9.205 

Mixed  carbon 48.305 

Volatile  combustible  matter 35. 357 

Ash 7.132 

Specific  gravity 1.325 

Three  analyses  of  coal  from  Canyon  City  furnished  the  following^ 
average  result: 

Water 5.090 

Fixedcarbon 56.053 

Volatile  combustible  matter 35. 226 

Ash 3.630 

Specific  gravity 1.285 

Five  analyses  of  coal  from  Trinidad  gave  the  following   average 

i^lt: 

Water 0.792 

Fixed  carbon 65.768 

Volatile  combastible  matter 32.483 

Ash 11.133 

Specific  gravity 1.363 
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A  total  average  prepared  from  thirty-foar  analyses  of  Colorado  bitu- 
minous coal  will  fnrnish  an  idea  as  to  its  position  in  mineraiogical  classi- 
fication. 

Water 6.436 

Fixed  carbons , 6^.617 

Volatile  combastible  matter  .' 34. 096 

Ash : 6.835 

Specific  gravity 1.325 

OOLOSADOiTE. — Occnrs  in  Boalder  Coanty,  in  the  Keystone  Mine ;  in 
the  Smnggler  Mine,  Ballerat  district,  Professor  Genth  famishes  sev- 
eral analyses.*    1,  Keystone  Mine ;  2  and  3,  Smuggler  Mine. 

Per  ceDt.                                                             Per  cent  Per  cent. 

Hg 52.28  Qnartz 2.90  3.05 

Te 42.95  Au 3.46  7.67 

AlaOsFegOs 2.44  Ag 2.42  7.18 

VaOs 0.70  Hg 55.80  4a74 

MgO 0.11  Cu ti'ace.  0.16 

CaO 0.84  Zn trace.  0.50 

Fe 1.35  0.92 

99.32  Te 36.24  34.49 


99.27  99.66 

CoLUMBiTE. — Found  occurring  in  prismatic  needles  piercing  the  Zir- 
kon  of  Pike's  Peak. 

Copper. — ^Native;  arborescent  in  the  Gregory  lode.  Ward  district, 
Boulder  Coanty;  Bergen's  ranch.  Arborescent  on  Jones's  Moun- 
tain ;  in  almond-shaped  nuggets  in  placiers  of  Bio  San  Miguel. 

COPPERASITE. — See  Jarosite. 

CovBLLiTE.— Mosquito,  Central  City,  Canon  City.    (Loew.) 

Cuprite. — In  crystals,  from  Sacramento  Gulch  and  from  the  Sweet 
Home  Mine,  Malachite  lode.  Bear  Creek,  Gendhemas  lode^  Tucker's 
Gulch  ;  massive  on  the  Rio  Dolores. 

Dolomite. — From  the  Four-Mile  Creek.  Occurs  as  rock  in  a  number 
of  the  formations  of  the  State.  Very  rarely  cry  stalized.  Small  geodes 
in  Middle  Cretaceous  shales  are  sometimes  lined  with  dolorice  crys- 
tals. 

Dyscrasite;, — Reported  from  the  head  of  the  Uncompahgre. 

Embolitb. — Peru  district ;  Snake  River  5  Gold  Hill. 

Enargite. — ^Near  Blnck  Hawk.  Found  in  the  Powers  Mine,  Russell 
district,  Gilpin  County. 

Epidgte. — Crystal^  associated  with  garnet  on  Gunnell  Hill,  Central. 
Throughout  the  metamorphics  of  the  Front  Range  in  minute  crystals; 
crystals  in  the  Sangre  de  Cristo  Range;  a  large  number  of  the  hom- 
blendic  dikes  contain  massive  epidote  together  wiih  quartz.  Ou.  the 
summit  of  Mount  Bross ;  Lane  Creek  Canon ;  Elk  Mountain  Ra.nge ; 
on  Trail  Creek. 

Fahlebz. — Terrible,  Colorado  Central,  Pelican,  and  other  mines  of 
Georgetown ;  No-Name,  Caribou,  and  others  at  Caribou ;  Mount 
Princeton.  Argentiferous,  mostly  antimouial,  sometimes  arsenical  in 
the  silver  mines  of  the  San  Juan  region.    Crystals  are  very  rare. 

Feldspar. — See  Amdesite,  Labradorite,Oligoglase,  Orthoglase, 
and  Saniditb. 

Fire  clay. — Golden,  Ralston,  Boulder,  &c.  Good  fire  clay  is  obtained 
from  the  Animas  coal-bearing  beds. 

Float-stone. — See  Pumice. 

Flos  Ferri. — See  Aragonite. 

Fluoritb. — Terrible  mine,  Georgetown,  in  light-green  cubes;  in  small 
crystals  and  massive,  of  violet  color^  on  Mount  McClellan  and  Gray'g 

(*Z  eitechr.  iUr  Kryst.  und  Mln.  P.  Groth,  ^oi.  11,  No.  1,  1977.)  " 
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Peak.  On  Bear  Creek ;  maBeive,  pink  and  violet  in  the  Sweet  Home 
Home  Mine«  Clear  Creek,  and  James  Creek.  Massive  on  Keodali 
Moantain,  Howardsville. 

Fbahklihitb. — Ooenrs  in  Mispickel  (arsenopyrite),  on  Kio  Dolores. 

Frbieslebenite. — At  the  head  of  Cement  Creeks  near  Baker's  Park. 

GiLKNiTB. — ^In  narrow  seams,  fine-grained  in  the  Winnebago  lode; 
feathery  in  the  Dallas  Mine ;  ooarse-graiued  in  the  J.  P.  Whitney, 
KoDDiug,  Monte  Cristo,  Forks,  and  other  mines  of  Gilpin  Connty.  In 
theCokMiado  Central,  Eqnatqr,  Star,  Pelican,  Terrible,  and  others  near 
Georgetown,  it  occurs  in  very  large  quantities.  At  the  Cold  Streaqi 
very  fine  crystals  are  found,  combinatioos  of  cube  and  octahedron, 
rarely  rhombic  dodecahedron.  The  International,  on  Mount  McClel- 
ho,  at  an  elevation  of  12,800  feet,  has  a  heavy  vein  of  galenite.  The 
Ko-Name,  Fonrth  of  July,  Caribou,  and  others  in  Boulder  County 
eootain  the  mineral.  Silver  Hill  mines  (fine-grained)  and  the  Kosita 
mioes  in  Hardscrabble  district.  Hamilton,  the  mines  around  Fair 
Play  show  crystals ;  the  mines  of  Elk  Mountain  district,  the  head  of 
Iowa  and  Empire  Gulch,  contain  galenite.  In  small,  scattering  quan- 
tities it  is  found  almost  throughout  the  State.  Bear  Creek,  Grey 
Golch.  The  Highland  Mary,  the  mines  of  Cunningham  and  Arastra  - 
Galdiee,  on  the  forks  of  the  Animas,  in  the  Sneffels  and  Uncompahgre 
districts.  Throughout  the  San  Juan  mines  galenite  is  one  of  the  prin- 
dpal  ores.  Invariably  it  is  argentiferous,  although  the  quantity  of 
silver  it  contains  changes  greatly. 

(Uknst. — Crystallized  in  rhombic  dodecahedra  and  sometimes  icosite- 
trabedra^  associated  with  epidote  on  Gunnell  Hill,  Central.  This 
occurrence  {spessartite)  closely  resembles  the  garnets  from  Auerbach, 
in  Germany.  Occurs  frequently  in  micaceous  schists,  Ouray  group, 
Dortbem  end  of  Sangre  de  Cristo  Bange.  On  Trail  Creek,  Bergen, 
&G.  Montgomery,  Bes^r  Creek,  Tuckers  Gulch.  Near  the  southwest 
corner  of  Colontdo,  found  in  drift  {almandite), 

GuTJBBB  SALT. — Bear  Creek,  Smoky  Creek.  At  a  number  of  hot 
tprings  in  Colorado. 

Olockebite.— Central  City,  Idaho  Springs. 

GoETHiTE. — Ooenrs  with  hematite  on  Topaz  Buttes. 

6ou>.-.Native  gold  in  very  small  and  in  distinct  crystals  in  the  Bob- 
tail, Gunnell,  Kansas,  and  on  Quartz  Hill,  near  Central.  In  the  gold 
golebes  of  Gilpin  County.  Many  of  these  are  worked  out,  others 
still  yield  nuggets  and  fine-gold.  On  Clear  Creek.  Tarryali  Creek  ^ 
Plaoer-diggings,  near  Fairplay^  in  imperfect  crystals  and  lamin».  In  : 
Washington  and  California  Gulches ;  in  the  placers  of  Union  Park, 
and  many  other  localities.  In  the  Elk  Mountains.  Placers  on  San 
Miguel,  on  the  Mancos  and  La  Plata.  S^ear  Parrott  City ;  in  the  Lit- 
tle Giant  Mine,  near  Silverton,  associated  with  ripidolite.  Occurring 
aa  the  result  of  decomposition  of  the  tellurids  in  the  Bed  Cloud,  Cold 
Springy  and  other  lodes  near  Gold  Hill.  In  the  Ward  and  Sugar 
Wf  districts.  In  the  American,  Grand  View,  Silver  Dale,  and  otber 
mines  in  the  Sunshine  district.  Impregnated  in  volcanic  rock  in  the 
Boiomit  district.  It  is  very  finely  distributed  there,  and  contained 
in  pyrite.  Upon  the  decomposition  of  pyrite,  gold  becomes  free.  In 
tbe  Little  Annie  it  was  first  discovered  in  this  district.  At  Oro  City, 
iQ  rbyolite.  In  some  of  the  South  Park  mines,  in  Potsdam  sandstone. 
AttbeNevadalode,in  aznrite.  Very  fine  although  small  crystals  have 
been  lately  obtained  from  the  G  unnell,  near  Central.  They  are  bright, 
90  black  sphalerite,  and  show  combinations  of  cube,  octahedron,  and 
rbombic  dodecahedron.  Mixtures  of  gold  and  silver  are  found  as  the 
Molt  of  decomposition  of  tellurids  containing  both  metals. 
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GosLARiTE.— On  the  damps  of  the  Wood  lode^  Leavenworth  Galch, 
neas  Oentral. 

Graphic  granite. — See  Pegmatite, 

Graphite.^— Trinidad  Mine,  Las  Animas  Gonnty.  Brad  lode,  San  Jaan 
district. 

Greenockite. — On  sphalerite  of  the  Dallas  Mine,  Black  Ebkwk,  Kan- 
ning  Lode,  Quartz  H  ill,  Nevada.    In  mine  of  galena,  on  Soath  Boulder. 

Gtpsum. — Occars  at  numerous  localities. 

Oypgum. — Compact  in  the  Triassio  and  Oretaceons,  sometimes  Car- 
boniferous formations. 

8elenite. — Good  crystals  are  rare.  This  form  is  more  freqoently 
fonnd  than  the  compact.  Occurs  in  the  Upper  Carboniferous  beds  of 
Western  and  the  Tertiary  beds  of  Southern  Colorado.  In  the  Juras- 
sic formation  along  the  Front  Range.  On  Eagle  Eiver,  along  the 
Lower  White  and  Grand.  Table  Mountain,  Golden. 
Aldbaster.^^ecvLTB  at  Mount  Vernon. 

Halite. — Salt-works  of  South  Park,  along  some  parts  of  the  Platte 
Biver,  in  springs.  Found  at  salt-licks  in  various  parts  of  the  Terri- 
tory.   Canon  City,  Sinbad's  Valley,  Greenhorn  Mountains. 

Hematite. — 

Specular, — Bhombs  on  qnartz  crystals.  Topaz  Bnttes ;  Procer  Hill, 
near  Central;  Phillip's  Mine,  Silver  Hills;  in  the  mines  of  Elk  Moant- 
ain  district,  Bear  Greek,  Jefiferson  County,  Unaweep  Cafion.  Fine 
crystals,  iridescent,  San  Juan. 

Mionceous. — Caribou,  Balaton  Creek,  Unaweep  C  afion,  Sopris  Peak.' 
single  crystals  on  quartz  and  some  inclosed  in  amethyst  at  the  Lit- 
tle Giant  mines,  near  Silverton. 
Fihrom. — Phillips  Mine,  Silver  Hills. 

Henbyite. — Found  first  at  the  Bed  Cloud  and  Cold  Spring  mines ;  later 
in  all  the  telluride  mines  of  Gold  Hill,  Ward,  Sugar  Loaf,  and  Sun- 
shine districts.  Fine  crystals  are  very  rare ;  minute  ones  are  found, 
but  rather  imperfect.    An  analysis*  furnished  the  following  result : 

Pb 53.19 

Fe 5.05 

Ag 0.31 

An trace. 

Te 41.45 

Specific  gravity'.lir.il!'////.!!!'//.!"'!!...  8.5253 

(Compare  altaite.) 
Hessite. — Gold  Hill,  Boulder  County ;  a  telluride  that  may  be  hessite 
has  been  found  in  the  Hodgkiss  lode,  on  the  divide  between  IJncom- 
pahgre  and  Animas  Bivers.  A  similar  one  is  reported  from  the  vicin- 
ity of  Parrott  City,  on  the  La  Plata.  Prof.  B.  Silliman  examined  a 
specimen  from  the  Bed  Cloud  Mine,t  and  found :  An,  7.131  per  cent : 
Ag.,  51.061  per  cent.  A  specimen  of  hessite  from  the  Bed  Gload 
Mine,  analyzed  by  Genth,}  showed  the  following  compositiQu: 

Per  eentk 

Gold 0.22 

Silver 59.91 

Copper 0.17 

Lead 0.45 

Zinc trace. 

Iron 1.35 

Tellurium 37.86 

""^  •  Rep.  U.  S.  Geol.  Surv.,  1873,  p.  353. 

t  Rep.  U.  8.  Geol.  Surv.,  1873,  p.  689. 
t  Proo.  Am.  Phil.  See,  Phila.,  vol.  adv.,  p.  227, 1876* 
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Bbsbitb,  AxJBiFEBons.—- Oenth  has  published  *  three  analyses.  One 
of  these  gives  the  following  results : 

Per  cent. 

Qnartz 0.70 

Gold 13.09 

Silver 50.56 

Copper 0.07 

Lead 0.17 

Zinc 0.15 

Iron 0.36 

TeUorium 34. 91 

100.01 

flsuLANDiTS.— Small  crystals  in  basalt  near  TJncompabgre  Park. 

HiTCHcocKiTB.— 8ea  Plumbogummite. 

IIosNBLENBB. — See  A^phibglite. 

Hyaute. — See  Opal. 

Hypessthene. — In  some  of  the  dikes  of  the  Front  Bange. 

Idoceasb. — See  Vesuvianitb. 

Iodyrite. — A  small  fragment  was  found  in  some  surface  ore  from  the 

Bed  Cloud  Mine,  Gold  Hill. 
IsoN.— Native  in  the  Colorado  meteorite  found  in  1866. 
IfflSBiTB.— Ohug  Water.   . 
JiJttEsoNiTB. — Sweet  Home  Mine,  San  Juan.    Summit  district,  near 

Del  Norte. 
JAR06iT£.^-On  the  dumps  of  the  Wood  Mine,  Leavenworth  Oulch,  near 

Nevada. 

JaSPKB.— Sw  QUABTZ. 

JsT.^Wet  Mountain  Valley,  Trincbera  Mesa,  Southeast  Colorado.  Oc* 
cars  in  narrow  aeams  in  most  of  the  coi^-bearing  beds. 

Kalinite.— See  Alum. 

Ubkabobite. — Near  Golden,  in  the  dolerites.  Near  Fair  Play,  in  the 
trap-rock.  In  the  dolerites  of  Colorado,  generally.  No  good  crys- 
tals. 

I^ARKiTE. — (Mine  unknown,  but  probably  id  South  Park.) 

I^AD — ^Native  in  Hall  Gulch,  Summit  County.  At  fireckenridge.  An 
annoancement  of  native  lead  must  always  be  received  with  necessary 
eaation.  The  small  specimen  owned  by  Professor  Schirmer  I  have 
Mo,  but  although  it  had  a  very  ^^  natural  ^  appearance,  I  was  unable 
to  decide. 

i^iBOLiTE. — Rito  Alto  Peak,  in  a  form  resembling  the  Saxon  zinn* 
waldite. 

Utjgitb.— Table  Mountain,  Golden  City. 

UucopYBiTB.— Spanish  Bar. 

MGNiTB. — ^Mouth  of  Gunnison.    There  it  retains  its  wood  structure. 

IttoiaTB. — In  the  Tertiary  sandstone,  west  of  Plum  Creek,  near  Col- 
orado City;  in  several  localities  of  South  Park.  At  the  head  of  South 
^ork  of  Anthracite  Creek,  west  slope  of  Sangre  de  Cristo  Bange^ 
above  Mosco  Pass.  Numerous  localities  in  White  Eiver  region.  The 
**  kidney -ores"  of  lignitic  groap.  Pseudomorphous  after  pyrite  crys^ 
tals  at  Central,  Gilpin  County. 

^io:UT£. — From  the  Motintain  Lion  Mine,  Magnolia  district.  Professor 
6eDth  furnishes  two  analyses  of  the  mineral.^ 

*  5ep.  U.  8,  Geol.  Sarv.,  1873,  p.  689. 

t&itscbr.  fttr  Kryat.  and  Min.,  P.  Groth,  yoI.  II,  No.  1,  1877.    It  is  essentiaUy  a 
"Modification  of  teUarinm  {q,  v,),  and  is  intimately  associated  with  qnartz. 

10  a 
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Amihuei: 

Per  cent.    Per  cent. 

Au 1.38  1.53 

Ag 0.36  0.25 

Te 55.86  55.54 

SiO...... 34.79  35.91 

AlsOs,  FesiOs 6.16  6.14 

MgO 0.17  0.19 

CaO ^ 0.48  0.86 

Total - 99.01      99.83 

Magnesite. — In  small  qaantities  in  the  BnnniDg  lode  at  Black  Hawk. 

Magnetio  Iron.— Bear  Creek,  IlalstoD  Greek,  Grape  Greek. 

Magnetite.— Id  loose  nodules  on  G  annell  and  Procer  Hills,  at  Gentnil ; 
in  small  octahedrlc  crystals  in  the  gneissic  rock  on  station  1.  Occur- 
ring in  the  granites  of  various  localities,  Silver  Hills,  White  House, 
Capitol ;  in  the  dolerite  rocks  generally.  At  Idaho  and  Caribou.  Oc- 
curs near  Golden.  Octahedral  crystals  on  Quartz  Hill,  near  Central. 
On  Grape  Greek,  near  Canon  City,  is  an  extensive  deposit  of  magne- 
tite, which  is  mined  as  iron  ore. 

Magnolite. — From  the  Keystone  Mine.  It  occurs,  according  to  Genth/ 
in  capilloid  and  acicular  crystals.  It  is  the  result  of  decomposition 
of  coioradoite,  and  has  the  formula  Hg^,  TeOi. 

Malachite. — Is  found  as  the  result  of  decomposition  of  fahlerz  and  other 
minerals  at  the  Dallas,  Leavenworth,  and  other  mines  near  Central; 
at  the  No-Name,  Caribou,  Seven -Thirty,  Fourth  of  July,  and  others, 
at  Caribou ;  at  some  of  the  Georgetown  mines  ^  at  the  Hardscrabble 
mines,  on  Mount  Princeton,  and  other  localities ;  at  Crater  Mountain, 
in  the  mines  of  Fair  Play  and  Elk  Mountain  district.  Malachite  lode, 
Bear  Creek,  Gendhemas  lode,  Tucker's  Gulch,  Oro  City,  CaOon  City, 
Pollock,  Montezuma.    Allen's  copper  mine,  head  of  San  Luis  Valley. 

Margasite.— Philipps  Mine,  Fair  Play. 

Melagonite. — Occurring  at  the  Gunnell,  Briggs,  Leavitt,  Leaven- 
worth, and  other  mines  near  Central ;  at  the  Unknown  Mine,  in  Monc- 
gomery,  Tucker's  Gulch,  Jefferson  County,  Colorado.    Pollock,  Mos- 

.   quito. 

Melantebite. — On  the  dumps  of  the  Wood,  Dallas,  and  EZansas  mines, 
and  others,  near  Central ;  in  the  Sweet  Home  Mine. 

Mebguby. — ^Native :  associated  with  mercury-telluride  in  thc'Sunshine 
district,  Boulder  County. 

Mesitite. — Black  Prince  lode,  Lump  Gulch. 

Mesolite. — Golden,  Colo.,  South  Table  Mountain. 

MiSPlGKEL.— iSee  ABSENOPYBITE. 

Minium. — Freeland  Mine,  Trail  Creek,  Georgetown,  Central  Cit^. 
Dutchman  lode,  San  Juan  district. 

Meteobig  iron.— See  Ibon. 

M0X.YBDENITE. — Leavitt  mine,  at  Central;  occurring  in  thread-like 
veins  in  Silver  Hills,  near  Fiiir  Play,  Boulder  County.  Douglass 
Tunnell,  Georgetown ;  Alice  Gary  lode,  San  Juan  district. 

Molybdite. — Alice  Carey  lode,  San  Juan  district. 

Musgoyite. — In  good  crystals  on  Mount  Ouray,  and  in  the  coarse- 
grained granite  near  Caiion  City ;  throughout  the  granite  and  partly 
in  the  schist  rocks.    Fine  crystals  from  Topaz  Buttes. 

Nagyagite.— Gold  Hill.  This  mineral  is  rare,  and  its  identity  is 
scarcely  folly  established. 

*  2eit8cht.  iUr  Kryftt.  4ina  Min.,  P.  Groth,  vol.  II,  No.  1, 1877.  ^       ' 


.  CATALOOUE  OF  COLORADO  lONERALS.         147 

5iTB0LiT& — GoldeD,  Oolo.  Table  Moantain.  Id  cavities  id  tbe 
Basalt  Dear  Uocompahgre  Peak. 

Obsidian.— Porphjritie,  ia  a  dike,  at  statioD  27  of  1873;  Ba£falo  Peak, 
Arkansas  Valley,  aod  UoioD  Park.  Uoder  the  trachyte,  od  Ounai- 
80Q  Biver  (porphyritic  aad  spheralitic).  A  heavy  veia  of  porpbyritic 
obsidiaD  occurs  Dear  tbe  Bio  Graode  Pyramid,  aud  coatiaaes  from 
there  southward  Id  the  tracbytic  beds.  Nodules  occur  iu  tbe  lower 
members  of  the  tracbytic  series.  A  dike  of  obsidiao,  ligbt-gray,  clear 
sets  across  the  Colorado  Oeutral  lode  Dear  GeorgetowD.  North  of 
Saguache  Greek  with  coDcentric  structure. 

OuGOGi«ASB. — Occurs  iu  mauy  of  the  grauites  and  iu  the  volcanic 
rocks  of  Colorado.    Good  crystals  are  rare. 

OuTiNB. — ^TraDspareDt,  grecD  Id  the  basalts  of  SaD  Luis  Valley. 

Oryx.— See  Quartz. 

Opal. — ^Aguas  Calieutes,  Gilsou  Gulch  ;  Idaho  Springs,  here  the  Opal 
occurs  in  narrow  seams  iu  the  granite ;  mostly  it  is  brownish ;  milk- 
white  at  Colorado  Springs. 

SemiapoL — Fonud  together  with  the  Chalcedonies  at  the  Los 
Pifios  agency.  North  of  Saguache  Creek  in  trachyte. 
Wood  apat — On  Cherry  Creek,  near  Florissant,  South  Park. 
HjfoUte. — ^In  the  trachytes,  near  tbe  Los  Pinos  agency.  At  the 
Hot  Sulphur  Springs,  Middle  Park.  Basalt  of  North  Mam. 
Sometiniee  occurring  in  very  fine  specimens  in  tbe  tracborheites 
of  tbe  Unoompahgre  groups. 

OsTHOGLASB. — Occurs  in  very  fine,  though  small  crystals,  on  Bobtail 
and  Gregory  Hills  at  Central.  Crystals  there  are  either  simple  or 
Carlsbad  twins.  It  is  found  in  very  large  pieces  in  some  of  tbe 
ooarse-grained  granites.  Near  Mount  Ouray  this  is  particularly  the 
case.  Large  tablets  of  flesh-colored  orthoclase  can  there  be  found. 
Ciystals  of  large  size,  simple  and  twins,  occur  in  tbe  porphyritic 
dikes  at  Gold  Hill,  Boulder  County,  at  the  head  of  Chalk  Creek, 
interlaminated  with  oligoclase  in  the  porphyritic  protoginyte. 
Crystallized  in  Jefferson  County ;  greenish  in  South  Park,  west  of 
Pikers  Peak;  reddish  on  Elk  Creek ;  brown  and  gray  at  various 
localities  near  Central  City.  Beautiful,  green  crystals  of  orthoclase 
sre  found  on  Bear  Creek,  near  Pike's  Peak,  associated  with  smoky 
qoartz.  An  analysis  by  Dr.  Oscar  Loew*  of  this  orthoclase  furnishes 
tiie  following  result: 

(1)  (2) 

Silicic  acid 67.01       63.12 

Alomina 19.04  19.78 

Protoxide  of  icon 0.89  1.51 

Soda 3.15  2.11 

Potaasa 8.84  12.57 

Limo traoe.  0.66 

Magneaia trace.  0.13 

99.83       99.88 

The  coloring  of  this  orthoclase,  therefore,  is  due  to  a  small  percentage 
of  protoxide  of  iron. 

I^.  G.   A.   Eoenigt  regards  the   coloring-matter  of   this    green 
orthoclase   as  dependent    upon  a  ferric  compound,   probably  an 
"  organic  salt.'* 
020GEBITS  t— From  head  Cherry  Greek. 

"Ann.  Bap.  Expl.  and  Bnrv.  West  100th  Mer.,  App.  L.  L.,  1875,  p.  IU. 
tPttM.  Ac  Nat.  Sci.,  Phil.,  Part  n,  1876,  p.  155. 
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Pabgasite. — Small  particles  in  qaartz.    In  a  dike  north  of  Oentro- 

ville. 
Pegmatite. — At   several  localities  in  the  vicinity  of  Georgetown. 

Bear  Creek  and  Gold  Hill,  in  Boalder  Ooanty.    Mount  Ouray. 
Pe'IBOLEUM. — From  the  oil-wells  in  Oil  Greek  Canon,  to  the  east  of 

Canyon  City.    Smoky  Creek,  10  miles  sooth  of  Golden. 
Petzite. — ^In  the  gold  mines  of  Gold  Hill,  occurring  in  narrow  seams 

and  veins.    Tbis  mineral  occurs  also  in  the  other  telluride  districts. 

Reported  from  Lake  district.    An  anlaysis  published  by  Genth*  far- 
nisbes  tbe  subjoined  result : 

Peroent. 

Quartz 0.62 

Gold 24.10 

Silver 40.73 

Copper trace 

BiBmath 0.41 

Lead 0.26 

Zinc 0.05 

Iron 0.78 

Tellariam 33.49 

100.44 

Phlogopite. — Mount  Princeton ;  probably  a  number  of  the  small,  splen- 
dent brown  crystals  in  granites  are  phlogopite. 

Pigkebingite. — ^This  mineral  was  found  by  Dr.  John  Le  Oonte  near 
Monument  Park.  It  is  crystallized  in  thin  needles.  An  analysis  fur- 
nished E.  Goldsmith  the  following  result  :t 

Percent. 

SiOa 38.69 

AlaO, 11.90 

MnO 4.89 

(KaaONagO; ...-. 0.68 

Sand 1.90 

By  diff.  Ha  0 41.94 

100.00 

Pitchblende.— /See  Ubaninite. 

Plumbogummite.— On  lead  pud  copper  minerals  of  tbe  Dallas  lode  near 
Black  Hawk. 

Poltbasite. — In  tabular  crystals  at  tbe  Terrible  mine,  near  George- 
town, Clear  Greek  County. 

Pease.— 6'ee  Quabtz. 

Pbehnite. — Fair  Play,  in  some  of  the  mines. 

Pboustite. — Occurring  in  the  Brown  lode,  intermixed  with  galenite. 

Pseudomalachite.— Little  Platte  River,  south  of  Pair  Play. 

Psilomelane. — Seaton  Mine,  Idaho ;  occurs  in  small  quantities. 

Pybargyeitb. — In  the  Colorado  Central,  Terrible,  International,  Gold 
Stream  mines,  at  Georgetown,  associated  with  galenite,  fahlerz,  and 
sphalerite.  In  the  Brown  lode  with  galenite ;  Argentine,  Georgetown ; 
in  many  of  the  Georgetown  silver  mines ;  in  the  mines  near  Fair  Play ; 
in  the  mines  of  the  San  Juan  district.  Fine  crystals  occur  in  the 
Wheel  of  Fortune  lode.  Mount  Sneffels  district,  San  Juan. 

Pybite.— Pyrite  is  oneof  the  most  widely-distributed  minerals  of  the 

.  State.    It  is  found  in  all  the  mines  of  Gilpin  County.    It  occurs  io 

the  Empire  mining  district ,  in  the  Gold  Hill  mines ;  in  the  Trinidad 

gold  mining  district;  in  the  Summit  district;  in  the  San  Juan  aud 

Lake  districts ;  in  Summit  district ;  in  the  mining  districts  of  South 

•  Proc.  Am.  Phil.  Soc..  Phil.,  Vol.  XIV,  p.  227, 1876.  ^ 

t  Proo.  Am.  Nat.  Sci.,  Phil.,  Part  III,  1876;  p.  333. 
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aod  ^orth  Parks.  Mostly  it  is  aariferons  and  associated  with  chalco- 
pynte.  Found  both  massive  and  crystallized.  Massive  in  the  Leavitt, 
^nggSy  Kansas,  Bobtail,  and  other  mines  near  Central.  Large  bodies 
of  it  occur  in  the  Mammoth,  Ounnell,  Orand  Army,  and  other  lodes 
near  Central.  Cubes  in  combination  with  the  pentagonal  dodecahe- 
dron are  found  in  the  Winnebago,  Mack,  Dallas,  Kansas,  Grand  Army, 
Gannell,  and  other  mines  at  Central.  Crystallized  and  massive  in  the 
mines  of  Silver  Hills,  Buckskin,  Idaho ;  in  the  Tenth  Legion  mine  at 
Empire ;  in  the  Elk  Mountain  district.  Cubes  are  found  in  the  Gran* 
ite  of  the  Mount  Princeton  group,  on  Eagle  Biver  in  the  mines  of 
Sommit  district.  Cubes  of  four  to  five  inches  edge  in  the  Phillips 
mine.  Cubes  and  octahedra,  simple  and  in  combination  in  the  San 
Joan  district.  Pentagonal  dodecahedra  in  the  Bobtail  and  Briggs  at 
Central.  Octahedra  at  the  head  of  the  Uncompabgre.  Octahedra  on 
Anthracite  Creek. 

Badiated pyrite  (possiblyilfarA:a«i<e).— Smoky  Hill  Blver;  Purgatory, 
Apishpa  Creek. 
PYBOLrsiTE. — Massive  at  Buckskin  and  in  Silver  Hills.    Eureka  Gulch 

near  Howardsville,  San  Juan. 
Ptbomobphite.— Freeland  lode.  Trail  Creek. 

Ptboxene. — Near  Fair  Play.    In  a  number  of  localities  in  younger 
volcanic  and  metamorphic  rocks.    Crystals  in  the  basalts  of  Southern 
San  Luis  Valley. 
Pyrrhotite. — Malachite  lode,  Jefferson  County.    Nevada  district, 

Gilpin  County. 
QuABTZ. — Occurs  massive  in  some  of  the  very  coarse-grained  granites. 
Many  of  the  quartz-veins  are  almost  or  totally  devoid  of  ore,  in  which 
ease  the  quartz  is  generally  milk-white  and  pure. 

GrystalSj  very  pretty  -quartz  crystals,  small ;  occur  on  Quartz  Hill 
near  Central.  The  Bobtail,  Gunnell,  Briggs,  and  other  mines  near 
Central  furnish  good,  small  crystals.  In  the  Bosita  lodes  and  in  some 
of  the  mines  of  Georgetown.  On  East  Biver ;  in  the  mines  of  the  Elk 
mountain  district;  Iowa  Gulch;  Sopris  Peak;  head  of  Anthracite 
Greek.  Good  crystals  with  many  combinations  of  the  pyramidal  faces 
are  found  on  Topaz  Butte.  Dihexahedral  crystals  oe«ur  in  the  por- 
phyry of  the  Sangre  de  Cristo  range  and  in  the  rhyolite  near  Uncom- 
pabgre Peak.    At  Spanish  Peaks. 

Smoky  quartz. — ^The  locality  on  Bear  Creek  near  Pike's  Peak  has 
become  well  kiiown  on  account  of  its  smoky  quartz  crystals  associated 
with  green  orthoclase.    Large  crystals,  reaching  over  a  foot  in  length, 
are  there  found,  in  cavities  of  the  granite.    Crystals  are  also  found 
on  Elk  Creek  and  on  the  Upper  Platte. 
Rosy  quartz. — Occurs  at  many  localities  in  Colorado,  in  the  granites. 
Good  specimens  can  be  obtained  from  the  head  of  Bearing  Fork. 
Found,  also,  near  Clear  Creek,  and  on  Bear  Creek. 
Amethyst. — Small  crystals  at  Nevada  and  neighboring  localities ; 
on  Bock  Creek ;  Clear  Creek  County ;  on  the  summit  of  the  range 
east  of  the  Animas. 
Agate. — Fine  specimens,  lined  with  amethyst,  on  the  summit  of  the 
range  east  of  the  Animas.    Cloudy,  of  white  and  gray  color,  in 
the  lower  trachytic  formations  of  the  Uncompahgre  group;  in 
various  forms,  cloudy,  banded,  laminated,  and  variegated,  at  the 
LosPinos  agency.    In  South  Park,  in  the  drift;  in  the  Lower 
Arkansas  Valley ;  on  the  Frying  Pan ;  throughout  Middle  Park ; 
on  the  Lower  Gunnison  and  adjacent  regions. 
Ma8s-€igate. — ^Below  the  Uncompahgre,  near  Grand  Biver. 
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Chalcedony. — Chalk  Hills,  eight  miles  sonth  of  Gheyenne  MonDtain ; 
at  the  Los  Finos  agency;  on  the  blafEs  near  Wagon-Wheel  Oap; 
along  the  Upper  Bio  Grande  Valley ;  in  Middle  and  Sonth  Parks ; 
Buffalo  Park }  Fair  Play ;  Frying  Pan ;  Front  Creek ;  Gannison 
Biver.  Fonnd  frequently  in  drift  accnmnlations. 
Flint — ^Occurs  together  with  chalcedony.    Fonnd  very  frequently 

in  the  lower  members  of  the  trachytic  series. 
Aventurine  quartz. — On  Elk  Creek. 
Ckrysapase. — Bare  in  Middle  Park. 
Camelian, — Middle  and  South  Parks;  Los  Finos  agency. 
Onyx, — Middle  Park. 
Sardonyx. — Middle  Park. 

Basanite. — East  of  the  salt-works  in  Sonth  Park.    It  is  fonnd,  to- 
gether with  flint,  in  some  of  the  trachytes. 
Prase. — Middle  Park. 

Jasper. — Green  and  red,  station  33  of  1873.    Yellow,  red,  browo, 
and  gray  at  the  Los  Pinos  agency.   Throughout  Middle  and  South 
Parks;  along  the  Gunnison,  Dakota  group,  Arkansas,  Grand, 
White,  Animas,  and  other  rivers  in  the  drift.    Occurs  also  in 
some  of  the  trachytes,  mostly  red,  brown,  and  green.    The  best 
locality  for  this  horizon  is  at  the  junction  of  Lost  Trail  Creek  and 
the  Bio  Grande. 
Siliceous  sinter. — South  Park. 
QuiOKSiLVBE. — See  Mebouby. 
BHODOOHBOSiTE.^^weet  Home  Mine,  Park  County,  in  very  beautifdl 

specimens;  in  the  Diadem  Mine. 
Bhodonite. — Eureka  Gulch,  near  Howardsville ;  San  Juan. 
BiPiDOLiTE. — Trail  Creek,  Clear  Creek  County,  Colorado.    In  the  Little 

Giant  lode,  Arastra  Gulch,  and  in  the  Crystal  Lode,  Silverton. 
BoscoLiTE. — A  greenish  mineral,  intimately  associated  with  qaartz, 
found  at  the  Keystone  and  Mountain  Lion  Mines,  in  Boulder  County. 
Genth  publishes  an  analysis,*  with  the  following  result : 

Peroentb 

LiOa 57.15 

AUOs 19.94 

VaOa 8.44 

MdO trace 

FeO 3.51 

MgO 2.87 

LiaO trace 

Na«0 0.94 

KaO 8.11 

Ha  O not  determined 

100.96 

BUTILB. — On  the  Ute  pass,  occurring  in  quartz. 

SAJ9IDITE. — Occurs  throughout  the  trachorheltes,  sometimes  in  veiy 

handsome  crystals.    Wherever  the  trachytes  have  been  reheated  the 

sanidite  is  adularizing. 
Sabdonyx. — See  Quabtz. 
SOHAPBAGHiTE. — Occurs  near  Georgetown. 
Schbelite. — Crystals  are  reported  from  some  of  the  mines  hear  Bakei's 

Park. 
Bghibmebite  (Endlich). — Bed  Cloud  and  Cold  Spring  Mine,  Gold  Hill. 

Occurs  also  in  the  other  telluride  districts.    A  specimen  from  the  Bed 

Cloud  furnished,f  gold,  18.82 ;  silver,  28.60  percent.    (See  Petzite.) 


« 


ZeitBchr.  ftlr  Eryst.  nod  Mia.  P.  Grotb,  vol.  ii,  No.  1,  p.  11, 1877. 
t  Bip.  U.  8.  Oeol.  Surv.,  1873,  p.  354. 
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BodEiKMESiTB  (Gtonth).— With  tellarides  at  the  Bed  Gload  Mine,  Gold 
£111.  An  uiklysifl  by  Pro&asor  Oeath  famished  :* 

Per  oeot.     Per  cent. 

Pb 12.69  12.76 

Ag 22.82  24.76 

Bi 46.91  47.27 

Zn 0.08  0.13 

Fe 0.03  0.07 

8 14.41  15.02 

96.94        100.00 

ScnBEiBEBSiTE. — ^In  the  Oolorado  meteorite. 

SKLESITE,—8ee  Otpsum. 

Bexiopal.— S^  Opal. 

SjgspENTms.— Small  specimens  of  serpentine  occur  in  the  metamorphic 

rocks  of  Mosco  Pass. 
SiSBBiTE.— Crystallized  in  Sonth  Park,  Gold  Hill,  Colo.;  Veto  lode, 

Gibson  Gulch ;  Bob  Boy  lode.  Central  City.    At  the  Bosita  mines. 
SiLYEB. — Native,  as  wire-silver,  at  the  Terrible,  Georgetown ;  at  the 

International,  on  Mount  McClellan ;  as  wire-silver  in  the  No-Name 

and  Caribou  mines,  at  Caribou.    In  small  nuggets  and  thin  scales 

near  Fair  Play  in  Washington  Gulch,  Homestake  lode;  Sunshine; 

Gold  Hill;   Blue  Biver,  Montezuma;   Jones  Mountain  and  Mount 

Sneffels,  San  Juan. 

SlHTEB  OALOASEOUS.— fi^6  TXJPA. 
SlNTEB-SILIOEOUS.— /Sfee  QUABTZ. 

Smithsonite.— Jones's  Mine  on  sphalerite,  near  Central,  Bunning  lode, 

Black  Hawk. 
Soda. — Carbonate,  from  the  Hot  Springs. 
8odium:-ghlobide. — See  Halite. 

SODA-SULPHATE.— fitee  GLAXJBBESALT. 

Spbssabtite. — See  Gabnet. 

Sphalebite. — Occurs  in  almost  every  mine ;  only  few  exceptions  take 
place.  In  the  lead-silver  mines  it  is  more  abundant  than  in  the  gold 
mines.  It  is  found  in  the  Winnebago,  dark  brown,  Dallas,  Gunnell, 
J.  P.  Whitney,  Kansas,  Wood,  California,  Bunning,  Bobtail,  Briggs 
(small  quantities  in  these  two),  Monte  Cristo,  and  numerous  other 
mines  in  the  vicinity  of  Central.  The  mines  of  G<eorgetown  invari- 
ably contain  it.  The  Caribou  mines  show  at  times  large  quantities  of 
the  mineral.  Mount  Princeton :  sphalerite,  containing  cadmium,  found 
in  several  mines  near  Fair  Play.  Occurs  in  nearly  all  the  mines  of 
the  San  Joan  region.  Varies  in  color  from  greenish  yellow  to  brown 
and  black.  BriUiant  crystals  are  found  in  the  Terrible  lode  at  George- 
town. 

Bpihel. — Crystal  Mine,  Virginia  Ca&on. 

Staubolitb. — Simple  and  twin  crystals  in  the  micaceous  schists  near 
Mount  Oso,  Qnartzite  Mountains.. 

Stebnbebgite  (iron  and  silver  sulphide). — Georgetown.    (Loew.) 

Btephamite. — Colorado  Central,  Georgetown,  Moose  Mine,  near  Fair 
Play,  Montezuma,  and  other  localities. 

Stibnite. — ^Terrible  Mine,  near  Georgetown,  Boulder  County. 

Stilbitb. — ^Very  fine  crystals  in  cavities  of  basalt,  near  Uncompahgre 
Peak. 


• 


Proo.  Phil.  Soo.  PhUa.,  xiv»p.  230. 
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BULPHXJB. — In  small  crystals  on  galenite  from  the  Olifton  Mine,  neai 
Central ;  fonnd  in  Middle  Park,  Pagosa  Springs.  Sometimea  foand 
in  narrow  seams  in  galenite,  the  result  of  decomposition  of  the  latter. 

Sylyanxte.— In  the  Bed  Cloud  Mine,  of  Gold  Hill,  occurring  in  foliated 
masses  and  thread-like  veins.  In  crystals  and  crystalline  masses  in 
the  Sunshine  district.  According  to  Professor  Silliman*  the  ratio  of 
gold  and  silver  for  a  specimen  from  the  Bed  Cloud,  is,  gold  1.7  to 
silver  1.0.  Professor  Gentb  publishes  an  analysis  of  sylvanite  ob* 
tained  from  the  Bed  Cloud  Mine,t  showing  the  following  composi- 
tion: 

Percent 

Qnartz 0.32 

Gold 24.83 

Silver 13.05 

Copper 0.23 

Zino 0.45 

Iron 3.28 

Telluriam * 56.31 

SeleDinm trace. 

Sulphur 1.82 

100.29 

Talc. — In  fine  scales  among  the  gangue-rock  of  the  Bobtail  and  Kan- 
sas, near  Central.  In  light  pink  scales  in  the  Silver  Hills  and  Barton 
mines,  Hardscrabble  district.    In  Mosco  Pass. 

Tellurite. — A  new  species  described  by  Dr.  Genth.}  It  is  the  result 
of  decomposition  of  tellurium  and  sellnrides.  Its  formula  is  Te  Os. 
Found  in.  the  Keystone,  Smuggler,  and  John  Jay  mines  in  smali 
crystals. 

Tellurium,  native. — At  the  Red  Cloud  Mine,  of  Gold  Hill,  in  crys- 
talline masses,  belonging  to  the  hexagonal  system.  The  largest  speci- 
men known  was  obtained  by  Professor  Scbirmer  from  the  Bed  Cloud 
Mine.  It  weighed  about  five  pounds,  and  consisted  in  a  mixture  of 
quartz  and  tellurium.  Upon  examination  §  it  was  found  to  contain 
90.85  per  cent,  of  tellurium,  small  quantities  of  selenium,  iron,  and 
bismuth,  and  traces  of  gold  and  silver.  Professor  Silliman||  did  not 
find  any  selenium. 
Genth  publishes  an  analysis  of  tellurium  from  the  Magnolia  dis- 
trict, Boulder  County.^ 

Au 0.60 

Ag 0.07 

Te 96.91 

VsOj 0.49 

FeO 0.78 

HgAlsOsMgO  K3O,  &o 1.15 

100.00 

Tennantite. — Crystals  in  Buckskin  Gulch;  (Geneva  district;  Park 
County.    Freeland  Mine,  Clear  Creek  County. 

Tbtbahedbite. — Crystals  in  Buckskin  Gulch.  Fine  crystals  in  the 
Clifton  lode,  Centnil  City.  Crystals  in  the  Colorado  Chieftain  lode, 
San  Juan  district.  Massive  in  a  number  of  the  San  Juan  silver- 
mines. 

•  Rep.  U.  8.  Geol.  Sarv.,  1873,  p.  690. 

tProo.  Am.  Phil.  800.,  Philadelphia,  voL  xiv,  p.  388, 1876. 

tZeitschr.  fUr  Kryst.  nod  Mio.  P.  Groth,  vol.  ii,  No.  1,  p.  7, 1877. 

$  Compare  Rep.  U.  S.  Geol.  Sarv.,  1873,  p.  3^5. 

It  Ibid.,  p.  685,  and  Am.  Joar.  Sci.  xlii,  p.  571. 

irZeitschr.  fUr  Kryst.  and  Min.    P.  Groth,  vol.  ii,  No.  1, 1877. 
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SoBBEBRiTB.— (Ubanite.)  Foand  by  Oaptain  Bertbond  on  Lyden 
Greek.*  Probably  mostly  deoomposed*  Foand  on  Griffith  Monutain^ 
Clear  Creek  County. 

TouBJCALiNB. — In  the  quartz  of  Ounnell  Hill,  near  Central ;  on  Ban- 
ning Hill,  at  Black  Hawk ;  on  Guy  Hill,  and  at  Nevada ;  in  quartz 
rtorth  of  the  Arkansas  Biver.  Crystals  with  both  terminations  at 
Montgomery ;  on  Balston  Creek.  All  tourmaline  of  Colorado  is  either 
bkek  or  dark  brown. 

Tbenolitb. — Smith's  Fork  of  the  Gunnison  Biver. 

Tufa— Calcareous.  On  Currant  Creek ;  Boaring  Fork ;  Frying  Pan. 
At  the  mineral  springs  of  White  Earth,  Wagon-Wheel  Gap,  Pagosa, 
Animas,  and  in  IJncoaipahgre  l?ark. 

TuBQUOiSE. — Southern  Colorado.    (Doubtful.) 

FBicoNiTE. — Wood  lode,  Leavenworth  Gulch,  near  Nevada. 

Urakinite. — ^Occurs  in  large  quantities,  massive  in  the  Wood  lode, 
Leavenworth  Gulch,  near  Nevada.  An  analysis  by  Dr.  O.  Loew  t  fur- 
nishes the  following  result : 

UniDOSo-aranio  acid 11.37 

6alphidA8  of  iron  and  copper 45. 81 

GaDgae  (qaartz  by  difference) 42. 82 

ITiuirocHALGrrB. — ^Wood  lode,  Leavenworth  Gulch,  near  IfTevada. 

Vesttvianite. — In  large  crystals  of  simple  combinations  on  Mount 
Italia.    North  of  Arkansas  Biver,  in  the  granite. 

Wavellits. — South  Table  Mountain,  at  Golden. 

WnsELEBiTE. — Described  by  Dr.  Oscar  Loew.}  This  mineral,  which 
is  qooted  from  New  Mexico,  probably  also  occurs  in  the  coal  of  Col- 
orado. It  is  a  resin,  related  to  amber.  Its  existence  in  each  particu- 
lar instance,  however,  can  only  be  determined  by  analysis,  on  account 
of  its  physical  resemblance  to  other  resins  occurring  in  the  same  man- 
ner.   The  analysis  of  Wheelerite  by  Loew  furnishes : 

For  oenL       Per  cent. 

Carbon 73. 07       72. 87 

Hydrogea 7.95         7.88 

Oxygen 18. 98       19.25 

WiLLEMiTE. — Jones's  Mine,  Central  City. 

WoLFEAHiTE. — ^Beported  from  Southern  Colorado. 

WoLLASTONiTE. — Occurs  in  small  quantities  in  some  of  the  limestones 

near  Fair  Play. 
WuLFBNiTE. — Is  found  iu  Park  County ;  at  Gold  Hill,  Bonlder  County, 
XsNOTiMiTE. — Beported  from  Cheyenne  Mountain. 
ZiNCiTE. — Jones's  Mine,  Central  City. 
ZncoN. — Bear  Biver;  Middle  Park.    In  small  crystals.     Crystals  of 

zircon  are  found  in  the  feldspar  of  Pike's  Peak.    Dr.  G.  A.  Koenig§ 

has  furnished  the  following  analysis : 

Percent. 

SiOa 28.00 

MgO 8.93 

(FeaOZrOa 60.00 

HaO 3.47 

100.40 

•  Proc.  Ac  Nat.  8ci.  Phil.,  Part  II,  1875,  p.  363. 
tBep.  Expl.  and  8anr.  West  100th  Mer.,  toI.  iii,  p.  636. 

tBep.  Expl.  and  Saiv.    West  100th  Merid.,  vol.  iii,  p.  630,  and  Am.  Jour.  Sol.,  yoL 
xlii,  p.  571. 
}  Proo.  Ac  Nat.  Set.  Phil.,  Part  II,  1876,  p.  156. 
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Zircon  has  also  been  fonnd  in  qnartz  in  El  Paso  Ooanty.    An  anal] 
sis  famished  Dr.  Koenig  the  following  result:* 

Pwottai. 

Si  Oa 29. 70 

ZrOn 60.98 

Fea  Oj 9.20 

MgO...., 0.30 

100.18 

ZmKBNiTB. — Sweet  Home  Mine,  small  crystals. 
ZiPPEiTE. — Wood  lode,  Leavenworth  Gnlchy  near  Kevada. 

•Ibid.,  Part  1, 1877,  p.  9. 
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SYSTEMATIC  ARRANGEMENT  OF  COLORADO  MIN 

ERALS* 


L  BTATIVE  ELEMENTS. 


6oU(l). 
Silver  (2). 
Qoieksilver  (8). 
Amalgam  (9). 
Copper  (12). 
Iron  (13). 

n.  8ULPHIDS,    TBLLUEID8,    8BLBNIDS,   ABSEISTIDS,   ANTI- 

MONIDS,  BISMUTHIDS. 


Lead  (15). 
Antimony  (18). 
Bismath  (20). 
Telluriom  (21). 
Sulphur  (22). 
Graphite  (25). 


BtibDite  (29). 
Bismothiuite  (30). 
Molybdenite  (34). 
Byaerasite  (35). 
Behapbacbite  (36  A). 
Argentite  (40). 
Galenite  (44). 
AlUdte  (48). 
Bwnite  (49). 
Alabandite  (52). 
Sphalerite  (56). 
He88ite  (58). 
Gbaloocite  (61). 
Bterabergite  (63). 


2iokenite  (106). 
'amesonite  (112). 
Schirmerite  (112  A). 
Pteieslebenite  (114). 
Pyrargyrite  (117). 
ProQstite  (118). 


A.  SDCPLB  SX7LPHIDS,  &0. 


Pyrrhotite  (68). 
Greenockite  (69.) 
Schreibersite  (74). 
Pyrite  (75). 
Gbalcopyrite  (78). 
Ghloautbite  (83.) 
Marcasite  (90). 
Lencopyrite  (91). 
Arseoopyrite  (94). 
Sylvanite  (98). 
Galaverite. 
Nagyagite  (99). 
OoveUite  (100). 


B.  BOXTBLB  BULPHIDS,  &0. 

Bonmonite  (119). 
Tetrahedrite  (124). 
Tennantite  (127). 
Stephanite  (130). 
Polybasite  (131). 
Enargite  (132). 


in.  COMPOUNDS  OF  CHLOEINE,  BROMINE,  IODINE. 


flalite  (138). 
Cttargyrite  (140). 
Embolite  (141). 


lodyrite  (143). 
Garnallite  (147). 
Atacamite  (153). 


*T1ie  elMsificfttion  herein  adopted  is  that  given  by  Dana  in  his  **  System  of  Miner- 
•logy.''  The  nnmbeis  placed  in  parentheses  after  the  mineral-names,  correspond  to 
tbe  nnmhers  given  by  Dana. 


L 
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IV.  FLUORINE  COMPOUNDS. 


Flaorite  (159).    (Ghlorophanite). 


V.  OXYGEN  COMPOUNDS. 


A.  OXTDS. 


1.  Oxyds  of  elements  of  series  I. 


A.  Anhydrous. 


Cnprite  (172). 
Zincite  (176). 
Melaoonite  (178). 
Hematite  (180). 
Iserite  (181  A). 
Spinel  (183). 
Magnetite  (186). 


Franklinite  (188). 
Ohromite  (189). 
Uraninite  (190). 
Entile  (193). 
Minium  (197). 
Pyrolasite  (199). 


£.  Hydrous. 


Goethite  (204). 
Limonite  (200). 


Brucite  (210). 
Psiiomelane  (217). 


2.  Oxyds  of  elements  of  series  II. 
Molybdite  (224). 

3.  Oxyds  of  carbon-silicon  gronp. 

Quartz  (231).  |  Opal  (232). 

A.  TERNARY  OXYGEN  COMPOUNDS. 
1.  SILIOATES. 


A.  Anhydrous. 


Hyperstbene  (235). 
WoUastonite  (237). 
Pyroxene  (238). 
Ehodonite  (241). 
Anthophyllite  (246). 
Ampbibolite  (247). 
Arfvedsonite  (248). 
Beryl  (254). 
Chrysolite  (259). 
Willemite  (266.) 
Garnet  (271). 
Zircon  (272). 
Yesuvianite  (273). 
Epidote  (276). 


Phlogopite  (288). 
Biotite  (289). 
Astrophyllite  (292). 
Muscovite  (293). 
Lepidolite  (294). 
Lencite  (309). 
Labrador!  te  (311). 
Andesite  (312). 
Oligoclase  (314). 
Albite  (315). 
Ortbodase  (316). 
Tourmaline  (320). 
Staurolite  (333). 


B.  Hydrous. 


Ghrysocolla  (346). 
Calamine  (361). 
Prehnite  (363). 


Apophyllite  (370). 
Allopbanite  (374). 
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ratrolite  (378). 
iesolite  (381). 
Idte  (383). 


le  (3d9). 
|8erpeQtioe  (411)« 

Icolambite  (474.) 


Xenotimite  (490). 
(Apatite  (492). 


Zeolite  section. 

Gbabazite  (386). 
Stilbite  (392). 
Healandite  (394). 

Margarophyllite  section. 

Caolinite  (419). 
Ripidolite  (450). 

2.  COLXJMBATES. 

3.  PHOSPHATES. 

A.  Anhydrous. 

Pyromorpbite  (493). 


iPseadomalachite  (543). 
WaveUite  (554). 
PlambognmiDite  (556). 

4.  TXJNGSTATES  AM)  MOLYBDATES. 


B.  Hydrous. 

Tarquoise  (563). 
Torbemite  (572). 


Wolframite  (610). 
SdieeUte  (014). 


Barite  (630). 
Anhydrite  (632). 
Auglesite  (633). 


Gypsom  (654). 
Melanterlte  (664). 
(}oelarite  (666). 
Ohalcanthite  (669). 
Kalinite  (674). 
PickeriDgite  (678). 


Galeite  (715). 
Dolomite  (716). 
Magnesite  (718). 
Xeaitite  (719). 
Siderite  (721). 


Trona  (738). 
Malachite  (751). 


Wulfenite  (617). 


5.  SULPHATES. 

A.  Anhydrous. 

Oaledonite  (636). 
Glaaberite  (640). 
Lanarkite  (641). 

B.  Hydrous. 

Alaminite  (688). 
Jarosite  (691). 
Glockerite  (696). 
Oranochalcite  (706). 
Zippeite  (708). 
Uraconite  (710). 

6.  CARBONATES. 

A.  Anhydrous. 

Bhodochrosite  (722). 
Smithsonite  (723). 
Aragonite  (724). 
Gemssite  (729). 

B.  Hydrous. 

Azarite  (752). 
Bismntite  (753). 


VI.  HYDBOOAEBON  GOMPOUITOS. 


Ozocerite  (780). 
Boccinite  (799). 


Asphaltnm  (830). 
Mineral  coal  (831). 
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IKPORT  OF  A.  C.  PEALE,  M.  D.,  GEOLOGIST  OF  THE  GRAND 

RIVER  DIVISION,  1876. 


LETTER  OP  TRANSMITTAL. 

Washinoton,  D.  C,  December  28, 1877. 

Bib:  I  have  the  honor  herewith  to  hand  yoa  my  report  as  geologist 
of  the  Grand  River  division  for  the  season  of  1876. 

The  division  was  in  the  field  jast  two  months,  of  which  thkty-two 
<iay8  were  occupied  in  the  work.  Daring  this  time  the  area  actually  ex- 
afflined  so  that  its  general  geology  can  be  mapped  is  about  4,000  square 
miles. 

The  district  assigned  us  consists  of  two  widely  separated  areas,  par- 
tially reported  on  in  previous  reports.  Both  are  remote  from  settle- 
Bents,  and  hence  almost  half  the  time  the  civision  was  in  the  field  was 
I'ccessarily  occupied  in  marching  to  and  from  the  areas. 

In  the  geological  investigation  of  these  detached  areas  (which  in  the 
Rport  are  designated  as  areas  A  and  B)  difQcnlty  was  experienced  from 
the  limited  amount  of  time,  owing  to  the  lateness  of  the  season.  Owing 
to  this  cause  also  another  difficulty  was  met  with,  the  lack  of  water. 
Both  areas  are  desert-like,  even  at  the  best,  and  it  is  utterly  impossible 
to  study  them  in  detail  unless  the  work  be  undertaken  in  the  spring  and 
early  sammer,  when  the  streams  contain  water. 

Fortunately,  however,  the  geological  structure  was  found  to  be  com- 
paratively simple,  as  the  sketches  accompanying  the  report  show.  Had 
it  been  otherwise,  the  character  of  the  country,  and  the  rapidity  with 
vhich  we  were  obliged  to  travel  over  it  would  have  precluded  the  pos- 
sibility of  coloring  the  map. 

In  the  report  I  have  followed  my  usual  plan,  considering  first  the 
general  features,  and  afterward  the  special  geological  facts  relating  to 
the  district  The  geological  map  and  general  sections  for  the  Atlas  of 
Colorado  have  been  prepared. 

For  the  illustrations  accompanying  the  report  I  am  indebted  to  Mr. 
W.H.Holmes  and  Mr.  F.  D.  Owen.  The  profiles  of  the  sections  are 
based  on  the  topographical  work  of  Mr.  Henry  Gannett,  to  whom  also 
lam  indebted  for  Uie  accompanying  maps. 

With  great  respect,  1  have  the  honor  to  remain  your  obedient  servant, 

A.  0.  PEALE. 

Dr.  F.  V.  Haydbn, 

United  States  OeologisL  in  charge. 
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GEOLOGICAL  REPORT  ON  THE  GRAND  RiVER  DISTRICT. 


CHAPTER    I. 


GENEEAL  INTRODUCTION. 

^  The  area  assigned  to  the  Grand  Eiver  Division  for  1876  was  divided 
into  two  parts.  First  was  a  district  of  about  1,000  square  miles  south 
of  the  Sierra  la  Sal,  between  the  Dolores  and  San  Miguel  Rivers,  and 
^tending  soath  as  far  as  the  parallel  of  38^.  The  larger  portion  of  the 
nea^  oonsisting  of  about  3,000  square  miles,  lies  north  of  Grand  River, 
oteoding  from  the  river  as  a  southern  line,  northward  to  the  parallel  of 
^  3(K,  bonnded  on  the  east  by  the  meridian  of  108^,  and  on  the  west 
by  109O  30*. 

Sedimentary  formations  prevail  in  both  districts.  The  area  (area  A) 
MQtb  of  the  Sierra  la  Sal  is  the  portion  not  completed  in  1675,  on  ac- 
count of  the  difficulty  with  the  Indians,  and  it  is  the  area  first  worked  in 
1876,  nine  days  being  devoted  to  it.*  A  general  view  (Fig.  1,  Plate  X), 
obtained  from  the  summit  of  Lone  Cone,  shows  it  to  be  plateau-like  in 
SeDeral,  cat  by  deep  gorges  or  canons  toward  the  east,  and  rendered 
Gomewbab  irregular  toward  the  west  by  several  broad  folds.  Near 
lone  Cone  Motfntain  the  country  is  somewhat  hilly,  and  in  places  mesa- 
Vike.  Here  the  Cretaceous  shales  (Middle  Cretaceous)  are  seen  resting 
00  the  Dakota  group,  which  in  general  forms  the  floor  of  the  plateau. 
1^6  streams  cut  through  the  Dakota  group  exposing  the  Jurassic  shales, 
specially  toward  the  north,  and  as  we  follow  the  streams  we  find  them 
entting  deeper  and  deeper,  until  the  Red  Beds  (Trias f)  appear  beneath 
^6  Jurassic.  West  of  the  San  Miguel  Plateau,  beyond  Naturita  Greek, 
tiie  Dakota  sandstones  rise  in  a  fold,  the  axis  of  which  is  northwest 
Md  southeast.  Toward  the  northwest  this  fold  is  marked  by  the  Par- 
^x  Valley,  which  appears  to  occupy  its  axis.  Beyond  Paradox  Val- 
^  is  the  Basin  Plateau.  This  is  a  gentle  synclinal  basin ;  for  the 
strata  on  the  west  side  of  Paradox  Valley  dip  gently  to  the  southwest 
^d;  beyond  the  centre  of  the  basin,  rise  again  gently  to  the  edge  of 
^ft  Waflfe  forming  the  eastern  or  northeastern  wall  of  Gypsum  Valley, 
J^hich  is  similar  to  Paradox  Valley.  Between  Gypsum  Valley  and  the 
l^olores  River  is  another  synclinal  basin,  the  sides  of  which  dip  south- 
west and  northeast.  At  the  northwestern  end  there  is  a  dip  to  the 
fioatheast,  which  gives  a  saucer-like  shape  to  the  valley.  From  this 
«ct  ^e  called  it  Saucer  Valley.  Around  the  northwestern  end  or  rim 
of  this  valley  the  Dolores  flows  in  a  canon,  emerging  from  it  into  Gyp- 
«ttin  Valley.  Southwest  of  the  Dolores  the  country  rises  into  the  north- 
^  border  of  the  Sage  Plain.  In  working  up  this  area  we  took  the 
following  routes :  From  the  crossing  of  the  San  Miguel  we  travelled 
^I'thwestwardly  along  Naturita  Greek,  reaching  the  San  Miguel  again 
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below  the  great  bend,  and  jast  above  the  point  where  it  tarns  again  t 
the  northwest.  From  this  bend  we  crossed  to  the  head  of  Parado 
Valley,  down  which  we  followed  a  few  miles ;  thence  we  travelled  soatb 
ward  across  the  Basin  Plateaa,  and  a  little  southwest  across  Gypsnc 
Valle>  and  Saucer  Valley  to  the  Dolores.  Returning,  we  crossed  tb 
head  of  Gypsum  Valley,  and,  hkirting  the  country  near  the  nortben 
slopes  of  lione  Gone,  turned  north  to  the  crossing  of  the  San  Miguel 
having  completed  the  circuit  of  the  area. 

Four  days'  travel  from  the  Uncompahgre  Indian  agency,  on  the  Uu 
compahgre  River,  brought  us  into  our  northern  district  (area  B).  Th 
southern  line  of  this  area  is  Grand  River,  which,  after  it  is  joined  by  th 
Gunnison,  curves  around  the  northern  end  of  the  Uncompahgre  Plateau 
flowing  at  first  northwest  and  afterward  southwest.  In  this  area  th< 
geological  formations  extend  uninterruptedly  from  the  Red  Beds  (Trias  t 
exposed  on  the  Grand,  to  the  Tertiary  strata  outcropping  at  the  summit 
of  the  <'Roan»  or  "Book  Cliffs.'' 

Grand  River  is,  for  the  most  part,  in  a  low  caiion  in  the  Red  Beds 
On  the  north  side,  the  Dakota  sandstones,  with  the  underlying  shales  form 
low  hogbacks,  dipping  away  from  the  river  toward  the  cliffs.  Between 
the  crest  of  the  hogbacks  and  the  foot  of  the  cliffs  is  a  broad  valley, 
formed  by  the  erosion  of  the  soft  shales  of  the  Middle  Cretaceous.  These 
shales  extend  to  the  base  of  the  cliffs,  and  in  some  places  form  tbeii 
lower  portion.  The  cliffs  rise  in  steps  to  the  summit,  which  has  an  ele< 
vdticn  of  8,900  to  9,000,  rising  about  4,000  feet  above  the  level  of  Grand 
River.  The  summit  of  the  cliffs  is  the  southern  edge  of  a  plateau,  slop- 
ing northward  to  White  River  (Dr.  Endlich's  district).  The  strata  in 
the  cliffs  are  Tertiary  sandstones  and  shales,  through  which  the  streams 
liowiQg  to  White  River  rarely  cut  deep  enough  to  expose  the  Cretaceous. 

Our  line  of  travel  through  this  district  was  as  follows: 

Crossing  the  Grand  on  the  wagon-ford  above  the  mouth  of  the  Gun- 
nison, we  followed  the  road  (which  keeps  on  the  north  side  of  the  river) 
nearly  to  the  mouth  of  the  Dolores.  We  then  crossed  the  Grand  River 
Valley  to  where  Desert  Creek  emerges  from  the  cliffs.  From  this  point 
we  followed  the  Indian  trail,  which  leads  up  the  western  branch,  to  the 
summit  of  the  cliffs.  We  then  turned  eastward  on  the  trail,  which  fol- 
lows the  crest  of  the  divide  between  the  Grand  River  and  White  River 
drainage,  leaving  it  at  the  head  of  Roan  Creek.  This  latter  stream  was 
lollowed  to  the  Grand,  up  which  we  travelled  to  Cactus  Valley. 

With  this  our  work  ended,  the  northern  portion  having  taken  twenty- 
three  days  to  complete.  The  area  included  is  about  3,000  square  miles, 
while  area  A  included  only  about  1,000  square  miles. 

From  Cactus  Valley  we  proceeded  to  Rawlins  Springs,  on  the  Union 
Pacific  Railroad,  via  the  White  River  Indian  agency. 

We  reached  Rawlins  on  October  23,  having  been  in  the  field  just  two 
months,  nearly  half  .the  time  being  occupied  in  marching  to  and  from 
and  between  our  districts,  on  account  of  their  remoteness  from  settle- 
ments. 
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below  the  great  bend,  and  juAt  above  tbe  point  where  it  tarns  again  t 
the  northwest.  From  this  bend  we  crossed  to  the  head  of  ParKclo 
Valley,  down  which  we  followed  a  few  miles ;  thence  we  travelled  soati 
ward  across  the  Basin  Plateaa,  and  a  little  southwest  across  Gypsui 
Vallcv  and  Saucer  Valley  to  the  Dolores.  Returning,  we  crossed  tb 
head  of  Oypsum  Valley,  and,  skirting  the  country  near  the  nortberi 
slopes  of  Lone  Gone,  turned  north  to  the  crossing  of  the  San  Mig^uel 
having  completed  the  circuit  of  the  area. 

Four  days'  travel  from  the  Uucompahgre  Indian  agency,  on  the  Uo 
compahgre  River,  brought  us  into  our  northern  district  (area  B).  Tin 
southern  line  of  this  area  is  Grand  River,  which,  after  it  is  joined  by  thi 
Gunnison,  curves  around  the  northern  end  of  the  UncompahgrePlateao 
flowing  at  first  northwest  and  afterward  southwest.  In  this  area  th< 
geological  formations  extend  uninterruptedly  from  the  Red  Beds  (Triae  f 
exposed  on  the  Grand,  to  the  Tertiary  strata  outcropping  at  the  suaiinii 
of  the  «'Roan"  or  "Book  Cliffs." 

Grand  River  is,  for  the  most  part,  in  a  low  canon  in  the  Red  Beds, 
On  the  north  side,  the  Dakota  sandstones,  with  the  underlying  shales  foriD 
low  hogbacks,  dipping  away  from  the  river  toward  the  cliffs.  Between 
the  crest  of  the  hogbacks  and  the  foot  of  the  cliffs  is  a  broad  valley, 
formed  by  the  erosion  of  the  soft  shales  of  the  Mi<ldle  Cretaceous.  Tbese 
shales  extend  to  the  base  of  the  cliffs,  and  in  some  places  form  their 
lower  portion.  Tbe  cliffs  rise  in  steps  to  the  summit,  which  has  an  ele- 
Viiticn  of  8,9(M)  to  9,000,  rising  about  4,000  feet  above  the  level  of  Grand 
River.  The  summit  of  the  cliffs  is  the  southern  edge  of  a  plateau,  slop- 
ing northward  to  White  River  (Dr.  Eudlich's  district).  The  strata  iu 
the  cliffs  are  Tertiary  sandstones  and  shales,  through  which  the  streams 
llowiQg  to  White  River  rarely  cut  deep  enough  to  expose  the  Cretaceous. 

Our  line  of  travel  through  this  district  was  as  follows : 

Crossing  the  Grand  on  the  wagon-ford  above  the  mouth  of  the  Gun- 
nison, we  followed  the  road  (which  keeps  on  the  north  side  of  the  river) 
nearly  to  the  mouth  of  the  Dolores.  We  then  crossed  the  Grand  River 
Valley  to  where  Desert  Creek  emerges  from  the  cliffs.  From  this  point 
we  followed  the  Indian  trail,  which  leads  up  the  western  branch,  to  the 
summit  of  the  cliffs.  We  then  turned  eastward  on  the  trail,  which  fol- 
lows the  crest  of  the  divide  between  the  Grand  River  and  White  River 
drainage,  leaving  it  at  the  head  of  Roan  Creek.  This  latter  stream  was 
followed  to  the  Grand,  up  which  we  travelled  to  Cactus  Valley. 

With  this  our  work  ended,  the  northern  portion  having  taken  twenty- 
three  days  to  complete.  The  area  included  is  about  3,000  square  miles, 
while  area  A  included  only  about  1,000  square  miles. 

From  Cactus  Valley  we  proceeded  to  Rawlins  Springs,  on  the  Union 
Pacific  Railroad,  via  the  White  River  Indian  agency. 

We  reached  Rawlins  on  October  23,  having  been  in  the  field  just  two 
months,  nearly  half  ^the  time  being  occupied  in  marching  to  and  from 
and  between  our  districts,  on  account  of  their  remoteness  from  settle- 
ments. 
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CHAPTER    11. 


A— SAN   MIGUEL  AND   DOLOKBS  RIVERS— SAUCER 
^LBY— GYPSUM   VALLEY— BASIN    PLATEAU— PARA- 
VALLEY— SAN  MIGUEL  PLATEAU. 

A  inclades  about  1,000  sqaare  miles,  lying  between  the  San 
A  and  Dolores  Eivers,  and  boanded  on  the  Boutli  by  the  paniilel 
(See  map,  plate  Vill.) 

DRAINAGE. 

[drainage  of  the  area  is  by  branches  of  the  San  Miguel  and  Dolores. 

*ger  streams  head  in  the  Lone  Gone  groap  of  mountains.    The 

i\  direction  is  toward  the  northwest,  and  the  changes  in  course  are 
abrapt,  many  of  the  streams  changing  at  right  angles  to  their 
coarses.    This  gives  a  zigzag  appearance  to  the  drainage.    The 

meral  courses  followed  are  northwest  and  northeast. 


BIO  SAN  MIGUEL. 

Rio  San  Miguel  was  partially  described  in  the  Report  for  1875, 
^tle  need  be  added  here,  except  what  is  necessary  to  make  the  de- 
ion  of  the  area  complete.    The  river  forms  the  eastern  and  a  por- 
the  northern  boundary  of  the  area.    Where  the  Indian  trail  from 
le  Greek  crosses  the  river,  the  canon  is  800  feet  in  depth.    The 
^e  sandstones  of  the  Upper  Dakota  group  (Cretaceous)  form  the 
the  canon  wall.    The  more  shaly  beds  of  the  Lower  Dakota  group 
fI>osed  in  places  below,  but  are  generally  concealed  by  the  dihris^ 
is  overgrown  with  pines  and  cedars.    Whether  there  are  any 
uc  layers  outcropping  it  is  impossible  to  say  positively.    Lower 
on  the  river  they  undoubtedly  occur.    The  river-bottom  is  very 
\  and  in  some  places  must  disappeiar.    There  are  cottonwoods 
\us  holgamifera)  and  the  growth  of  shrubbery  common  along  the 
^m  streams.    The  river  is  rapid,  flowing  over  a  rocky  bottom. 
the  crossing  it  keeps  an  almost  northerly  course  to  the  motlth 
;he  Creek,  which  comes  in  from  the  east.    It  then  flows  north- 
er three  or  four  miles,  when  it  turns  to  westward,  keeping  this  course 
»ut  seven  miles.    The  next  direction  assumed  is  parallel  to  that  of 
^ams  rising  in  the  crest  of  the  Uncompahgre  Plateau,  viz.,  south- 
In  this  portion  of  its  course  the  river  emerges  from  its  narrow 
and  flows  through  alluvial  bottoms  of  considerable  width — the 
on  either  side  not  being  over  400  feet  in  height — composed  of  the 
sandstones,  with  cappings  of  the  shales  of  the  Middle  Creta- 

»ut  a  mile  and  a  half  below  the  mouth  of  Naturita.  Creek  the  San 

»1  turns  to  the  northwest  and  flows  in  canon  to  its  mouth.    The 

at  the  head  is  400  feet  deep,  and  at  the  mouth  1,000  feet  or  more. 
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The  rocks  at  first  are  the  Dakota  sandstones,  which  are  rapidly  cul 
through^  Jura  and  Trias  showing  a  short  distance  below  NaturiU 
Creek. 

Naturita  Creek  rises  on  the  northern  and  northwestern  slopes  of  Lod< 
Goue.  The  various  small  streams  unite  to  form  two  branches,  whicl 
soon  join,  and  the  stream  thus  formed  flows  nearly  due  north  for  abow 
eight  miles,  when  it  turns  nearly  west,  gradually  turning  to  a  north 
west  course. 

The  sources  are  in  a  beautiful  park-like  country  underlaid  with  th< 
Middle  Cretaceous  shales,  which  are  soon  cut  through,  exposing  the  Da 
kota  group,  the  sandstones  of  which  form  the  canon  walls  to  the  month 
The  canon  becomes  shallower  as  we  go  down  the  stream.  Southwest  a 
Station  4  it  is  about  500  feet  deep,  and  at  the  mouth  only  some  20< 
to  300  feet.  There  is  a  narrow  valley  bordering  the  stream  in  thii 
lower  portion  of  its  course.  There  is  running  water  in  it,  probably 
throughout  the  entire  year.  Below  the  bend  are  two  unimportam 
branches  that  rise  in  the  low  divide  separating  Naturita  Creek  from  Basil 
Creek.  The  creek  was  named  from  the  abundance  of  the  Spanisl 
bayonet-plants  ( Jt^rixi  angustifolia)^  which  the  Indians  call  Naturita  (th< 
Spanish  name).  When  we  were  in  this  region  the  plant  was  in  fruit 
and  the  Utes  were  gathering  and  drying  it. 

Basin  Greek  joins  the  San  Miguel  a  few  miles  below  the  bend  belo? 
Naturita  Creek.  It  rises  in  the  rolling  mesa  country  northwest  of  Lon< 
Cone,  and  flows  northwestward  across  the  Basin  Plateau  to  within  si: 
miles  of  its  month,  when  it  turns  abruptly  at  right  angles  and  flowi 
northeast  to  the  Miguel,  cutting  across  an  anticlinal  fold  and  a  synclina 
depression,  with  a  fault  on  the  east  side.  In  the  Basin  Plateau  th 
stream  keeps  near  the  eastern  side  of  a  synclinal  depression,  which  ii 
occupied  by  the  Cretaceous  shales.  In  this  part  of  its  course  the  strean 
is  dry  during  the  summer.  Near  the  head,  pools  of  alkali-water  wen 
found  in  September.  From  the  Basin  Plateau  it  turns  at  right  angle 
and  plunges  into  a  cation  cutting  across  an  anticlinal  fold,  in  the  centn 
of  which  the  Bed  Beds  (Trias  1)  are  exposed.  In  this  canon  the  streao 
has  running  water,  which  sinks  again  when  it  emerges  into  the  synclina 
valley  east  of  the  fold.  On  the  east  side  of  this  synclinal  depression  o 
Cretaceous  shales,  there  is  a  fault  with  the  down-throw  on  the  weal 
This  fault  will  be  described  under  the  head  of  Paradox  Valley.  Basi^ 
Creek  cuts  across  this  fault,  and  joins  the  San  Miguel  a  short  distand 
beyond. 

Southwest  of  Basin  Creek,  the  first  creek  of  any  importance  is  I>is(i^ 
pointment  Creek.  In  midsummer,  water  is  found  in  it  only  in  holes.  1 
joius  the  Dolores  on  the  southwest  side  of  Saucer  Valley. 

RIO  DOLORES. 

The  reports  for  1875  describe  the  upper  and  lower  parts  of  the  Dolores 
There  was  left  undescribed,  however,  a  gap  of  unexplored  counti] 
through  which  the  Dolores  flows. 

On  the  eastern  side  of  the  Great  Sage  Plain  the  general  course  of  tb< 
Dolores  is  a  few  degrees  west  of  north.  It  zigzags  somewhat,  flowiDf 
sometimes  with  the  dip  of  the  rocks  and  at  others  with  the  strike.  It  isii 
deep  canon  for  the  most  part  in  the  Bed  Beds.  On  both  sides  of  tlK 
river  the  beds  dip  to  the  eastward  or  northeast,  and  are  capi)ed  witi 
Jurassic  (9)  shales  and  Dakota  sandstones  and  shales.  On  the  west  thi 
country  rises  to  the  Great  Sage  Plain,  which  stretches  away  to  tlri 
westward  and  southwestward.    This  region  was  visited  by  Mr.  EJolmes 
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and  will  be  described  in  bis  report.  Below  tbe  moutb  of  Di8api)oiut- 
Dent  Greek  the  river  is  flowing  toward  tbe  northwest,  but  it  soon  curves 
toward  the  north  and  east  around  the  northwestern  rim  of  Saucer  Val- 
kd,  and  a  short  distance  east  of  Island  Mesa  emerges  into  the  lower 
port  of  Gypsam  Yalley.  Island  Mesa  is  capped  with  Dakota  sandstones, 
a  remnant  of  the  strata  forming  most  of  the  surface  in  Saucer  Valley 
(see  map  of  area  A,  Plate  YIII). 

North  of  the  Mesa  the  river  is  seen  flowing  toward  the  west.  It 
bowever  soon  turns  to  the  north,  and  farther  on  curves  again  to  the  j 

cistward,  to  the  western  side  of  Paradox  Yalley.  In  the  iK>rtion  of  its 
ttorse  just  referred  to,  the  Dolores  is  bordered  by  red  sandstones  and 
Aales,  a  portion  of  which  ought  probably  be  referred  to  the  Upper 
Carboniferous.  The  canon  walls  on  both  sides  are  bluffy,  the  upper  beds 
of  the  bluffs  being  of  Jurassic  and  Lower  Cretaceous  rocks.  Theadjacent 
ttfutry  is  mesa-like,  gashed  by  streams  tributary  to  the  main  river. 
Bat  few  of  these  gashes  or  cafLons  carry  water  during  the  summer 
fliontiis. 

Tbe  Dolores  cuts  across  Paradox  Yalley  at  right  angles  to  its  direc- 
tion, and  immediately  plunges  into  the  canon  that  continues  to  its 
ffioath.    This  portion  of  its  course  is  described  in  the  report  for  1875. 

The  folds  across  which  the  river  cuts  its  way  are  those  of  Gypsum 
Valley  and  Paradoit  Yalley.  Its  course  was  therefore  probably  outlined 
before  the  folding  took  place,  and  the  cutting  of  the  c^on  appears  to 
hkve  progressed  gradually  with  the  formation  of  the  present  folds. 


SAUCER  YALLEY. 

At  the  lower  end  of  the  valley  of  Disappointment  Greek  is  a  saucer- 
Gke  hasin  which  gives  name  to  the  valley. 

Through  the  western  rim  of  this  basin  Disappointment  Greek  cuts  its 
vay  to  join  the  Dolores.  The  latter  is  in  a  monoclinal  valley  in  Jura- 
IMas  and  flows  around  the  northern  rim  of  the  basin. 

Tbe  surface  of  Saucer  Yalley  is  composed  mainly  of  Upper  Dakota 
ttodstones.  In  the  centre  are  remnants  of  the  Colorado  shales  which 
prevail  so  extensively  farther  up  stream  in  the  neighborhood  of  Lone 
^ne.  Disappointment  Creek  cuts  a  deep  gully  in  the  soft  shales.  In 
September  we  found  water  only  in  pools  in  this  gully.  The  drainage 
from  the  rim  bordering  tbe  Dolores  unites  in  a  stream  that  cuts  across 
the  western  rim  about  three  miles  north  of  Disappointment  Creek. 
Kear  the  sources  of  these  streams  or  gullies,  where  the  dip  is  greatest. 
Wds  of  Lower  Dakota  age  are  exposed.  The  eastern,  or  rather  uorth- 
^tern  rim  (for  the  strike  is  northwest  and  southeast),  is  the  south- 
western border  of  Gypsum  Yalley. 

GYPSUM  YALLEY. 

(rypsum  Yalley  is  named  from  the  prevalence  of  gypsum  in  it,  espe- 
cially at  its  head.  When  first  seen,  the  valley  seemed  to  be  a  simple 
soticlinal,  of  which  the  centre  had  been  eroded  t^way.  On  the  south- 
west is  a  hogback-like  ridge  400  to  500  feet  high,  the  Dakota  sand- 
stone forms  the  summit  and  southwestern  slope  of  this  hogback,  dip- 
ping about  15^  to  the  southwest.  Beneath  this,  and  presenting  tbe 
<H)g:e8  of  the  strata  to  the  northeast,  are  the  shales  of  the  Lower  Dakota 
Sroop,  which  pass  below  into  the  Jurassic.  The  soft  character  of  the 
strata  has  caused  the  valley  to  become  filled  with  dibris  which  conceals 
the  greater  portion  of  the  underlying  strata. 
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On  the  northeast  side  of  the  valley  is  another  bluff,  which  faoei 
the  southwest.  This  also  is  capped  with  Dakota  sandstones,  which  dif 
100-15^  to  the  northeast.  The  angle  soon  decreases  and  the  beds 
form  the  floor  of  the  Basin  Plateau. 

At  Station  10  the  sandstones  are  nearly  1,400  feet  above  the  valley; 
and  below  them  the  Jurassic  shales  and  Triassic  red  sandstones  outcrop 
It  is  probable  that  a  portion  of  the  Upper  Carboniferous  also  shows 
Following  the  ridge  to  the  northwest  it  is  noticed  that  the  dip  toward 
the  northeast  becomes  less,  and  the  country  is  more  mesa-like.  At  a 
point  a  little  east  of  north  from  Island  Mesa,  at  the  westward  bend  oi 
the  Dolores,  on  the  north  side  (see  a  in  Fig.  1,  Plate  IX),  there  are  evi- 
dences of  an  anticlinal  fold,  the  axis  of  which  is  on  a  line  with  the  edge 
of  the  bluffs  on  which  Station  10  is  located.  At  the  station  there  is  no 
fold.  At  several  points  on  the  opposite  ridge,  however,  there  are  ob- 
.scure  evidences  of  a  fold,  but  the  beds  in  the  centre  of  the  valley  have 
been  completely  eroded  away.  Northeast  of  Island  Mesa  the  Jurassic 
rocks  show  the  folding  as  indicated  at  b  in  the  section.  (Fig.  1,  Plate 
IX.)  Whether  the  lower  part  of  the  valley  is  a  synclinal  or  not  is  diffi- 
cult to  determine.  I  am  inclined,  however,  to  think  not,  but  that  the 
condition  i«  folding  and  faulting,  as  represented  in  the  section.  The 
eastern  fold  dies  out  to  the  southeast,  although  the  fault  continues.  This 
also  dies  out,  or  rather  changes  to  a  fold,  for  at  the  head  of  the  valley 
the  sandstones  «of  the  Dakota  group  are  seen  curving  around  to  con- 
nect with  those  of  the  southwestern  ridge.  There  is  considerable  ob- 
scurity here,  resulting  from  the  soft  character  of  the  strata,  owing 
largely- to  the  presence  of  gypsum. 

BASm  PLATEAU. 

From  the  northeastern  edge  of  Gypsum  Valley  the  Dakota  sand- 
stones dip  gently  to  the  northeast,  and  become  almost  horizontal  in  the 
centre  of  Basin  Plateau,  and  beyond  rise  in  a  low  ridge  through  which 
Basin  Creek  cuts  a  deep  canon.  The  centre  of  Basin  Plateau  is  floored 
with  the  lower  portion  of  the  Colorado  Cretaceous,  remnants  of  the 
Atrata  that  form  mesas  farther  south.  Toward  the  northwest  the  Da- 
kota sandstones  form  the  surface,  extending  eastward  to  the  southwest 
edge  of  Paradox  Valley.  The  ridge  through  which  Basin  Creek  cuts  its 
way  out  of  the  plateau  begins  in  the  southeast  as  a  very  gentle  fold.  Its 
eulmination  appears  to  be  at  the  canon  of  Basin  Creek.  (See  sections, 
place  !N'o.  IX.)  The  red  beds  are  exposed  in  the  centre.  The  western 
side  of  the  anticlinal  diminishes  in  inclination  as  we  trace  it  toward  the 
northwest,  where  it  forms  the  wall  of  Paradox  Valley.  The  eastern 
side  of  the  fold,  as  we  trace  it,  is  seen  curving  to  the  eastward,  forming 
the  rim  of  a  dish  like  depression.  On  the  east  side  of  this  is  a  line  of 
faulting  which  fades  out  into  a  fold  to  the  southeast.  The  axis  of  this 
fold  is  parallel  to  that  next  west,  but  the  fold  is  much  gentler,  and  soon 
dies  out  in  San  Miguel  Plateau.  The  sections  in  Plate  No.  IX  will  give 
a  clearer  idea  of  this  folding. 

PAEADOX  VALLEY. 

About  four  miles  above  the  mouth  of  the  San  Miguel  Eiver  the  Bio 
Dolores  is  seen  cutting  its  way  from  a  broad  valley  through  a  bluff  wall 
some  1,600  feet  in  height.  The  valley  is  about  three  miles  in  width,  and 
the  river  comes  into  it  from  a  caiion  on  the  west  which  is  almost  as  deep 
as  the  one  by  which  it  makes  its  escape.    This  valley,  which  stretches 
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lo  the  Dorthwest  and  southeast  at  right  angles  to  the  coarse  of  the 
river,  has  been  named  Paradox  Valley.  The  beds  on  both  sides  of  the 
Talley  present  their  basset  edges  toward  the  axis  of  the  valley  and  dip 
gently  away  from  it  to  the  sonthwest  and  to  the  northeast.  It  would 
tppear,  therefore,  to  be  a  simple  anticlinal  axis  with  the  centre  removed, 
nie  erosion  of  the  strata  has  greatly  obscured  the  relations  of  the  dif- 
ferent beds.  The  blufis  on  the  southwest  are  lower  than  those  on  the 
northeast,  and  show  no  beds  lower  than  the  Jurassic  variegated  shales, 
whUe  the  opposite  ones  show  a  considerable  thickness  of  the  underlying 
ifd  sandstones  and  shales  that  we  have  been  accustomed  to  refer  to  the 
Trias.  If,  therefore,  this  valley  be  a  simple  anticlinal,  it  must  occupy 
^position  west  of  the  axis.  I  am  inclined  to  believe  that  it — the  fold — is 
Dot  simple,  but  analogous  to  that  of  Gypsum  Valley,  i.  e.j  there  is  a  fold 
vitb  a  fault  to  the  eastward,  along  the  foot  of  the  bluffs  on  that  side. 
Crossing  to  the  southeast  to  the  synclinal  basin  on  Basin  Greek,  we  find 
eridences  of  faulting  on  a  direct  line  with  the  bluffs.  The  fault  of  the 
ifest  side  of  Sindbad's  Valley  (see  p.  63,  Eeport  U.  S.  Geol.  Survey  for 
1875}  is  also  on  the  same  line.  The  prevailing  formation  in  the  valley 
is  the  Trias  f  covered  in  most  places  with  drift.  The  latter  increases 
toward  the  north.  The  bluffs  on  the  northeast,  as  we  go  north,  are  in  two 
steps,  the  upper  being  of  Dakota  sandstone,  which  slopes  to  the  San 
Migael  River.  The  lower  step  has  Jurassic  shales  capping  the  red  sand- 
stone. Korth  of  the  Dolores,  the  Bed  Beds  prevail  and  Upper  Carbonif- 
etoos  beds  outcrop  at  the  base  of  the  cliffs.  Owing  to  the  limited  time, 
this  portion  of  the  valley  was  not  visited. 

SAN  MIGUEL  PLATEAU. 

The  San  Miguel  Plateau  calls  simply  for  a  mention  here,  as  the  re- 
ports for  1875  refer  to  it  so  frequently.  We  crossed  it  on  the  trail  that 
leads  from  the  Uncompahgre  agency  to  the  Navajo  Indian  country. 

Tbe  elevation  of  the  plateau  near  the  mountains  is  about  8,000  feet, 
sod  here  pines  are  found.  Near  the  mouth  of  the  San  Miguel  the  ele- 
vation is  about  6,0Q0  feet,  and  the  surface  covered  generally  with  sage- 
brash.  All  the  streams  are  in  canons  from  800  to  1,000  feet  below  the 
sarface,  with  but  little  bottomland.  The  Dakota  sandstones  form  the 
surface  rock,  but  that  higher  beds  once  prevailed  over  the  entire  area 
is  evident  from  the  remnants  of  Colorado  shales  that  are  now  found  at 
several  localities.  The  Largest  area  of  shales  is  found  between  the  San 
Miguel  Biver  and  Tabeguache  Greek,  occupying  a  synclinal  depression. 
The  areas  of  shales  are  indicated  on  the  map  (Plate  VIII). 
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CHAPTER     III. 


AEBA  B— GRAND  RIVEU  VALLET^ROAN  OR  BOOK  CLIFFS—. 

LITTLE  BOOK  CLIFFS. 

Aa  indicated  in  a  previous  chapter,  Area  B  inclades  aboat  3,000 
square  miles.  Of  this,  1,100  represent  Orand  River  Valley.  The  en- 
tire drainage  of  the  area  is  tributary  to  Grand  River,  which  forms  the 
southern  boundary.  The  northern  boundary  is  the  crest  of  the  Roan  or 
Book  Cliffs.  Almost  all  the  area  is  a  desert,  and  can  be  worked  in  detail 
only  in  the  spring  or  early  summer  months.  It  was  visited  by  us  in 
the  last  week  of  September  and  the  early  part  of  October,  when  the 
streams  were  dry.  Salt  Creek  was  the  only  one  carrying  water,  and  it 
was  a  trickling  stream  of  strongly  alkaline  water.  The  region  between 
the  crest  and  the  foot  of  the  cliffs  is  also  destitute  of  water  except  at  a 
few  places.  To  be  worked  in  detail  it  will  have  to  be  visited  in  the 
spring ;  and  the  crest,  along  which  an  Indian  trail  takes  its  way,  will 
have  to  be  the  line  from  which  it  is  worked.  The  cliffs  are  rugged  and 
precipitous,  and  considerable  time  will  have  to  be  spent  in  finding  good 
places  to  descend.  Fortunately  the  geological  structure  is  so  simple 
that  a  good  idea  of  the  areas  occupied  by  the  various  formations  was 
obtained  during  our  hasty  trip  along  the  crest,  and  no  difficulty  was  ex- 
perienced in  coloring  the  geological  map.  The  formations  represented 
are  mainly  Cretaceous  and  Tertiary,  the  outcrops  of  Jurassic  and  Tri- 
assic  being  limited  to  a  narrow  belt  along  the  course  of  Grand  River. 

OBAND  BIYEB  VALLEY. 

Following  the  TTncompahgre  River  northward,  we  find  the  broad  val- 
ley in  which  it  is  located  extending  northwestward  along  the  Guunison 
and  becoming  the  Grand  River  Valley  below  the  mouth  of  the  Gunni- 
son. It  keei)S  a  northwesterly  course  as  far  as  Salt  Creek.  It  then 
curves  around  to  the  southwest,  following  the  course  of  Grand  River, 
which  curves  around  the  northern  end  of  the  Uncompahgre  Plateaa. 
Beyond  Muddy  Creek  the  valley  extends  westward  toward  Green  River. 
The  total  length  of  the  valley  following  the  general  course  of  the  river 
is  about  75  miles.  Its  width  opposite  the  mouth  of  the  Gunnison  is  9 
miles.  On  Salt  Creek  it  is  15  miles,  and  on  Muddy  Creek  about  20  miles. 
The  valley  is  nearly  flat,  there  being  a  slight  slope  from  the  foot  of  the 
cliffs  toward  the  river,  and  a  still  smaller  slope  toward  the  cliffs  from 
the  edge  of  the  low  hogback  ridge  bordering  the  river.  A  line  of  sta* 
tions  was  made  on  this  ridge.  The  valley  is  for  the  most  part  a  desertt 
covered  with  a  sparse  growth  of  stunted  sage-brush,  which  grows  in  a 
stiff  alkaline  soil  made  from  the  debris  that  is  washed  from  the  Book 
Cliffs.  Along  Grand  River  in  the  bottom-land  there  are  groves  of  Cot- 
tonwood. A  portion  of  the  valley  between  the  Little  Book  Cliff's  and  Salt 
Creek  may  be  reclaimed  by  irrigation  from  Grand  River.  Beyond  Salt 
Creek  the  level  is  too  high  above  that  of  the  river,  which  is  in  caiioDy 
to  be  available  for  agricultural  purposes  by  irrigation.  West  of  Muddy 
Creek  the  country  rises  into  the  divide  between  Grand  and  Green  Riv- 
ers.   The  streams  flowing  from  the  clifb  to  Grand  River  have  cut  deep 
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aroya%  or  gullies  in  the  soft  soil.  Salt  Greek  was  the  only  one  that  car- 
ried any  water  when  we  crossed  them.  Desert  Creek  bad  a  small  stream 
at  the  edge  of  the  valley  close  to  the  foot  of  the  cliffs,  bat  the  wat^r, 
Thich  was  alkaline,  soon  disappeared.  The  formation  forming  the  floor 
^  the  valley  is  the  Middle  Cretaceous  or  Colorado  group,  the  dip  of  the 
beds  being  away  from  the  river. 

Between  the  mouth  of  the  Gunnison  and  Station  4  a  wide  alkali  flat  ex- 
tends from  the  foot  of  the  Little  Book  Cliffs  to  Orand  Kiver.  The  latter 
stream  comes  from  a  deep  canon  (named  Hogback  Canon)  cut  through 
the  Little  Book  Cliffs,  and  flows  almost  directly  west  across  Grand  River 
Valley  nearly  at  right  angles  to  its  course.  On  the  south  side  of  the 
hrer,  the  shales  of  the  Colorado  group  are  seen  dipping  '2P  or  3^  in  the 
Uaff,  which  is  about  200  feet  high. 

After  the  Gunnison  joins  the  Grand  the  latter  takes  the  course  fol- 
lowed by  the  former  above  its  mouth,  and  hugs  the  lower  or  southern 
side  of  the  valley.  South  of  the  river  is  a  low  hogback  ridge  of  Dakota 
sandstones,  dipping  toward  the  northeast.  On  these  sandstones  rest 
remnants  of  the  shales.  The  Dakota  group  crosses  to  the  north  side 
southwest  of  Station  4,  at  the  point  where  the  wagon-road  leaves  the 
river,  and  soon  rises  into  a  ridge  of  about  300  feet,  on  which  Station  5 
vas  located. 

Btaiion  4  was  on  a  remnant  of  a  former  level  of  the  valley,  a  yellow- 
topped  butte  underlaid  by  black  argillaceous  shales  (probably  Creta- 
eeous  No.  2). 

Station  No.  5  was  on  the  edge  of  the  canon  of  the  Grand.  The  river 
is  in  the  upper  part  of  the  Bed  Beds,  above  which  is  the  following  sec* 
tiou: 

Base.  Feet. 

L  White  sandstones  with  thin  bands  of  limestone  )  ^ 

2.  Greenish  shales I 

3.  White  sandstones * 71 

i  Variegated  shales  and  marls  reddish  and  greenish 70 

5.  Yellowish  white  sandstone,  rather  massive 88 

309 
The  thicknesses  were  measured  by  angles,  taken  with  the  gradienter. 
Layers  Nos.  4  and  5,  and  perhaps  No.  3,  belong  to  the  Dakota  group, 
while  the  remainder  of  the  section  is  referable  to  the  Jurassic,  the  de- 
crease in  thickness  from  that  in  the  southern  area  being  probably  due 
to  the  presence  in  this  region  of  limestones. 

,  Station  6  was  located  on  a  mesa  of  Dakota  sandstones.  The  dip  here 
is  not  great,  although  it  increases  a  little  as  we  go  north  from  the 
Nation,  and  the  sandstones  disappear  beneath  the  Colorado  shales. 
Bnlt  Creek  flows  into  the  Grand  at  the  head  of  the  bend.^  From  this 
l^nd  to  Station  8  the  river  is  in  a  narrow  cafion  cut  in  the  Bed  Beds, 
^ese  are  seen  on  the  south  side  of  the  river  rising  to  the  south  in  the 
Pncompahgre  Plateau.  Opposite  Station  7  several  buttes  are  seen 
*luch  have  cappings  of  Jurassic  shales.  On  the  north  side  of  the  river 
the  Jurassic  forms  most  of  the  surface,  although  there  is  one  area  be- 
ijfeen  Sta^-ions  7  and  8  where  it  has  been  removed.  The  following  sec- 
won  was  obtained  here : 

Top.  Feet. 

*•  Massive  sandstone,  general  color  light  red,  white  on  top 150 

^*  Bed  laminated  sandstones  and  shales 100 

3«  Massive  sandstone,  deep  red  in  places  and  light  red  in  others, . .  200 

450 
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On  the  soath  side  of  the  river  the  apper  lajerg  appear  to  have 
eroded  away,  not  showing  autil  the  mesas,  five  or  six  miles  south 
the  river,  are  reached. 

The  canon  of  the  Grand  appears  to  be  impassable,  and  the  road  mak^ 
a  detour  around  it.    It  is  thirty  miles  from  where  the  road  leaves  tl 
river,  above  Station  5,  to  the  point  where  it  touches  it  again,  below  St 
tion  8.    The  gullies  crossed  in  this  distance  are  all  dry,  with  the  exce] 
tion  of  Salt  Creek,  the  water  of  which  is  alkaline.     Although  dry,  th< 
gullies  are  deep,  especially  between  Stations  7  and  8. 

The  following  is  the  section  at  Station  8 :  • 

Top. 

1.  Massive  yellowish  sandstones  with  faint  impressions  of) 

stems 1 >  250  teeL 

2.  White  marls  and  reddish  sandstones ) 

3.  Dark-colored  hard  sandstones,  with  a  layer  at  the  base  1 
containing  nodules  of  jasper ] 

4.  Variegated  marls r }>260  feet. 

5.  Greenish  marls  and  sandstones  with  thin  bands  of  lime 
stone  at  the  base 

6.  Massive  red  sandstones  (top  of  Trias  f ) 


i 


Total 510  feet. 

It  is  difficult  here,  as  at  the  other  localities,  to  draw  the  line  between 
the  base  of  the  Dakota  group  and  the  top  of. the  Jurassic. 

Between  Station  7  and  Station  8  is  a  kind  of  basin  of  Jurassic 
shales,  the  stations  being  located  on  two  points  or  tongues  of  the  Da- 
kota sandstone.  North  of  the  hogback  ridge  of  Dakota  sandstone  the 
shales  form  low  bluffs,  and  between  these  and  the  foot  of  the  Book 
Cliffs  the  surface  is  diversified  by  buttes  and  mesas  eroded  from  the 
shales.    The  Dakota  sandstones  dip  toward  the  northwest  3^-50. 

Bitter  Water  Creek  joins  the  Grand  below  Station  8;  and  just  be!ow 
the  mouth  of  the  creek,  the  river  enters  a  cafion  in  the  Bed  Beds.  This 
cafion  is  500  or  600  feet  in  depth  at  its  head,  and  this  probably  increases 
as  the  river  is  followed. 

From  the  head  of  the  cafLon  to  the  Horse-shoe  Bend,  the  Bed  Beds 
outcrop  on  both  sides  of  the  river.  Station  9  was  located  on  a  Jurassic- 
capped  butte  on  the  north,  or  rather  west  side  of  the  river,  for  the  Grand 
here  is  flowing  but  a  few  degrees  west  of  south.  On  the  east  side  its 
tributaries  cut  profound  cafions  in  the  Red  Beds,  and  at  their  sources 
may  even  expose  the  underlying  granitic.recks. 

At  Horse-shoe  Bend  the  valley  becomes  more  open,  and  below  the 
bend  the  river  flows  from  the  Red  Beds  into  the  Jurassic  shales.  Below 
the  mouth  of  Granite  Creek  the  Grand  makes  a  right-angled  bend  and 
flows  to  the  southwest,  cutting  across  the  hogback  ridge  into  a  syncli- 
nal basin  of  Cretaceous  shales.  The  strike  of  the  Dakota  group  is  at 
right  angles  to  the  course  of  the  river,  and  just  above  the  mouth  of  the 
Rio  Dolores  we  And  the  Grand  again  cutting  across  the  Dakota  group 
at  right  angles  to  its  strike.  The  synclinal  depression  between  the 
Dolores,  Granite  Creek,  and  Grand  River  is  the  result  of  two  folds 
meeting,  vi£ :  that  of  the  northern  end  of  the  Uncompahgre  Plateau,  and 
the  fold  that  marks  the  western  edge  of  the  same  plateau  farther  south. 
This  latter  fold,  with  its  axis  slightly  changed  {L  e.,  more  to  the  west- 
ward),  continues  from  the  Grand  to  Green  River.  A  line  of  hogbacks, 
capped  with  the  Dakota  sandstones,  is  seen  stretching  to  the  westward 
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froin  the  Grand  at  the  moath  of  Maddy  Greek.  Soath  of  this  is  the 
Done  Plateaa,  named  from  the  domed  shape  of  the  country. 

From  the  foot  of  the  hogbacks  there  is  a  gradaal  swell,  covered  for 
some  distance  with  a  portion  of  the  Jarassic.  This,  however,  soon  dis- 
ippears,  and  the  upper  part  of  the  Trias  (?)  forms  the  surface,  reaching  to 
the  edge  of  the  cliffs  overlooking  the  Valle  Colorado  of  Orand  River.  A 
iectioo  of  the  beds  in  these  cliffs  at  station  12  was  given  in  the  Report 
tor  1875,  p.  83. 

In  the  western  part  of  Grand  River  Valley  there  are  three  streams, 
Moddy,  Alkali,  and  Desert  Creeks,  rising  in  the  Book  Cliffs.  The  names 
were  given  as  an  indication  of  the  kind  of  country  through  which  they 
Ibw. 

Mnddy  Creek  rises  in  the  cliffs  outside  of  the  district.  Like  the  others 
Id  Grand  River  Valley,  the  course  of  this  stream  can  be  traced  by  the 
fine  of  sage-brush  along  its  guUey.  In  the  cliffs  it  probably  has  running 
vater,  and  near  its  mouth  we  saw  several  pools  of  alkaline  water. 

Alkali  Creek  we  found  entirely  destitute  of  water,  and  it  is  probably 
only  in  the  spring  that  it  is  a  running  stream.  The  bed  of  Desert  Creek 
eoQtained  a  trickling  stream  at  the  entrance  to  the  cliffs,  but  it  soon  dis- 
appeared in  the  clayey  deposits  of  the  valley.  On  the  way  across  the 
valley  to  the  exit  of  Desert  Creek,  we  crossed  a  low  mesa  aboat  half  way 
from  the  Grand  to  the  cliffs.  This  mesa,  not  a  hundred  feet  high,  is 
capped  with  a  sandstone  which  bad  a  dip  of  1^  or  2^  toward  the  cliff's. 

Grand  River  Valley  is  a  valley  of  erosion  determined  first,  perhaps,  by 
the  fold  resulting  from  the  upheaval  of  the  Uncompahgre  Plateau.  An 
immense  amount  of  material  must  have  been  removed  to  form  the  trough 
that  we  now  see  extending  along  the  Uncompahgre,  Gunnison,  and 
Grand  Rivers  to  the  Green.  We  leave  the  Grand  just  as  it  enters  the 
peat  canon-country  so  characteristic  of  the  great  Colorado  River  of  the 
^est. 

As  has  already  been  stated,  the  valley  is  not  adapted  for  agricultural 
piiri)08es,  and  much  less  for  grazing,  unless  there  should  be  a  change 
of  climate.  Traces  of  a  poor  quality  of  coal  are  found  at  several  places 
|o  the  sandstones  at  the  summit  of  the  hogbacks  along  the  Grand,  but 
it  is  of  no  economic  importance.  Gypsum  is  found  in  the  Jurassic 
shales,  and  also  in  the  Colorado  Cretaceous,  but  as  far  as  seen,  not  in 
beds,  nor  as  large  deposits. 

ROAN  OB  BOOK  OLIFFS. 

The  cliffs  that  overlook  the  Grand  River  Valley  are  divided  into  two 
portions,  the  Roan  or  Book  Cliffs,  overlooking  the  western  part,  and  the 
little  Book  Cliffs,  overlooking  the  eastern  part,  extending  from  Bog- 
back  Canon  of  Grand  River  to  Salt  Creek.  The  name  Roan  is  given  on 
socoant  of  the  color,  and  the  name  Book  Cliffs  from  the  resemblance  of 
their  edges  to  those  of  a  bound  book.  The  summit  of  the  cliffs  forms 
tbe  southern  edge  of  the  Roan  or  Book  Plateau,  which  extends  north- 
ward, forming  the  district  investigated  by  Dr.  Endlich.  In  this  direc* 
UOQ  the  streams  flow  in  the  direction  of  the  dip  of  the  rocks,  and  the 
<Xkaotry  is  not  so  rugged  as  that  on  the  south.  North  of  the  bend  of 
Oruod  River  is  the  basin  drained  by  Salt  Creek,  which  has  its  sources 
*^ut  16  or  18  miles  north  of  the  northern  edge  of  Grand  River  Valley, 
^bile  the  other  streams  have  a  much  shorter  course  in  the  cliffs.  The 
^geof  the  cliffs  is  the  divide  between  the  drainage  of  Grand  River  and 
that  which  flows  to  White  River.  From  Bitter-water  Creek  this  divide 
bas  a  nearly  due  east  and  west  direction  until  the  bead  of  the  first 
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braDch  of  West  Salt  Greek  is  reached,  when  an  abrupt  tura 
northeast  is  made.  At  the  head  of  West  Salt  Creek  the  coarse  i( 
what  winding  between  the  branches  of  that  creek  and  those 
White  Biver  streams.  The  platean  character  so  noticeable  farth< 
is  lost  here.  The  general  direction  of  the  divide  is  east  and  west 
head  of  Boan  Creek.  East  of  Boan  Greek  the  plateau  oharactei 
prevails,  especially  along  Grand  Biver,  as  shown  in  Fig.  2,  Plat 
sketch  of  the  cliffs  and  plateau  on  the  north  side  of  the  Grand  froi 
Creek  to  OactusYalley,  made  by  Mr.Holmes).  Thedip  of  the  str^ 
is  to  the  northward.  Between  Salt  Greek,  Boan  Greek,  and  th< 
Book  Cliffs  the  country  is  considerably  broken  up.  The  draii 
generally  to  the  east,  and  remnants  of  the  plateau  are  left  as  loug^ 
like  mesas  between  the  branches  of  Boan  Creek. 

The  surface  rocks  on  the  plateaus  everywhere  throughout  this 
are  the  white  shales  of  the  Green  Biver  group  of  Tertiary.     Bi 
Desert  Greek  and  Bitter-water  Greek,  the  summit  of  the  cliffis  is^ 
12  miles  from  the  edge  of  Green  Biver  Valley.    The  intervening 
is  very  rugged.    Spurs  extend  southward  from  the  cliffs  betwi 
streams.    These  spurs  are  composed  mainly  of  Wahsatch  beds, 
toward  the  west,  are  composed  of  sandstones,  generally  white  ia| 
but  with  layers  of  a  pink  color. 

We  reached  the  summit  of  the  cliffs  by  foUowipg  an  old  and 
Indian  trail  that  led  up  Desert  Greek.  This  part  of  the  cliffs  wi 
side  of  the  district,  but  it  presented  the  only  means  of  access  to  t1 
teau,  which  here  is  3,787  feet  above  the  valley.  At  the  entrance 
creek  to  the  valley  there  are  low  hogbacks,  in  which  the  bedsdip 
6^  toward  the  cliffs.  The  general  dip  appears  to  be  a  little  east  of 
and  this  becomes  more  easterly  as  we  follow  the  cliffs  to  the  westt 

The  following  section  was  made  at  the  exit  of  Desert  Greek,  the 
ness  being  estimated : 

Section* 

Base. 

Colorado  ...      1.  Colorado  shales  about 

2.  Sandstone 

3.  Shales  with  lignite  band 

4.  Sandstone 

5.  Shales 

6.  Sandstones 

7.  Shales  with  lignite  band 

8.  Sandstones 

Laramie  f . . .      9.  Massive  sandstones  with  thin  bands  of  shales . 

10.  Heavy  bands  of  white  and  yellowish  sand- 1 
Wahsatch  T .  /  stones  with  interlaminated  red  and  reddish  i 


Fox  Hills . . .  ^ 


I 
I 
I 


■{ 


shales  and  sandstones >  4,< 

^^  ^««  T>;„^«  Til*  Greenish  laminated  shales  and  white  sand- 1 
Green  Biver  |  ^^^^  ^^^  ^^^j^^  J 

Bed  I  represents  only  a  portion  of  the  Colorado  group. 

The  sandstones  2  and  4  form  escarpments  facing  the  valley. 
No.  4  is  traced  up  the  creek,  it  is  seen  to  thin  out  as  it  sinks  into 
hills  beneath  the  upper  beds.    Instead  of  one  baud  of  sandstone  thi 
are  several,  and  the  line  between  4  and  5  becomes  very  indefinite.    Tl 
we  Qnd  to  ue  the  case  very  frequently  in  this  region.    A  band  of  sal 
stone  may  be  very  persistent  for  a  long  distance,  and  then  split  ii 
several  layers  and  perhaps  disappear.    The  line  between  the  Larai 
group  and  the  Fox  Hills  is  especially  indistinct.    The  time  at  our 
posal  did  not  permit  of  careful  search  for  lossils. 
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Tbe  beds  marked  No.  11  are  nndoabfcedly  tbe  Green  Biver  group  of 

Tertiary,  as  fossils  were  obtained  from  the  beds  farther  east.    The 

between  them  and  the  Wahsatch  (No.  10  of  the  section)  cannot  be 

Dit^ly  drawn  in  the  western  partof  the  cliffs,  as  the  variegated  charac- 

of  the  Wahsatch  gronp  noticed  farther  east  is  here  almost  lost. 

At  Station  19  the  sammit  is  3,400  feet  above  the  valley.    Between 

tions  19  and  21 ,  the  platean  character  is  well  preserved.    The  streams 

wing  north  do  not  canon  very  rapidly  and  the  angle  of  dip  in  the  strata 

only  aboat  4P,   Grass  and  sage-brash  grow  everywhere  on  the  plateau. 

e  cliffs  overlooking  Grand  Biver  Valley  are  composed  of  sandstones 

d  interlaminated  greenish  shales  with  spurs  projecting  southward 

ving  cliff-like  faces  on  the  west  side,  while  the  eastern  slopes  are  more 

nded  and  grassed  over. 

Near  the  head  of  the  creek,  flowing  northwest  from  Station  21,  a  num- 
T  of  asphaltum  springs  were  found.  They  are  really  in  the  district 
Igned  to  Di.  Endlich's  party,  but  as  they  were  visited  by  us,  I  insert 
e  description :  These  springs  aire  found  in  two  canons,  marked  a  and 
OQ  map  of  area  B  (Plate  XI).  On  the  north  side  of  canon  a  a  space 
aboat  20  feet  square  is  covered  with  the  hardened  asphaltum,  and  a  line 
of  tbe  same  material  leads  to  tbe  crevice  above,  from  which  it  came. 
We  visited  it  early  on  a  cool  morning  and  no  flow  was  noticed.  Near 
the  crevice,  however,  the  tar  was  soft.  On  the  opposite  side  of  tbe  canon 
i  similar  spot  was  noticed,  and  farther  down  the  cafion  four  or  five  more. 
The  asphaltum  appeared  to  come  from  under  a  steel-gray  sandstone, 
beneath  which  is  an  oolitic  limestone.  In  some  places  the  latter  ap- 
peared to  include  irregular  masses  of  limestone.  Oafion  b  was  tributary 
to  a,  and  on  the  east  side  contained  an  area  of  about  50  square  feet  on 
vhich  the  hardened  asphaltum  formed  the  surface.  Several  points  were 
noticed  where  it  ooze<l  from  the  side  of  the  canon,  but  the  rocks  were 
not  well  exi)osed.  It,  however,  is  at  about  the  same  level  as  those  in 
the  main  cafion. 

Two  sulphur  springs  were  noted  in  connection  with  the  asphaltum. 
They  were  first  detected  by  their  odor.  The  water  flowing  over  the 
tar  has  coated  it  with  sulphur.  An  oily  substance  was  noted  on  the 
fiurface  of  the  water.  The  temperatures  were  45^  F.  and  47^  F.«  while 
the  air  was  at  55^  F.  The  time  was  9  a.  m.  The  discovery  of  these 
springs  was  due  to  Mr.  J.  £.  Mushback,  of  our  party.  Others  of  the 
canons  in  the  same  region  probably  have  similar  springs,  and  Dr. 
Endlich  notes  the  occurrence  of  asphaltum  farther  north,  which  is  prob- 
ably connected  in  some  way  with  this  locality.  The  subject  will  be  dis- 
cussed in  his  report. 

Between  Stations  21  and  23  the  divide  is  narrow,  in  some  places 
aftording  only  room  enough  for  the  trail.  The  cafions  on  both  sides  are 
deep,  and  it  is  often  difficult  to  find  a  way  of  descent.  An  oolitic  lime- 
stone is  found  all  along  the  divide,  and  also  fine  green  shales,  that  are 
probably  argillaceous. 

Bitter-water  Fork  appears  to  occupy  a  slight  synclinal  depression 
northwest  of  Station  23.  On  the  west  side  of  the  stream  there  is  a  dip 
almost  due  north,  and  on  the  east  side  the  beds  dip  a  few  degrees  north 
of  west. 

The  region  lying  between  Stations  25  and  26  and  the  edge  of  Grand 

Biver  Valley  was  not  visited,  but  simply  seen  from  the  stations.    The 

Green  Biver  shales  continue  to  form  the  surface-rocks  on  the  highest 

ridges,  with  the  variegated  Wahsatch  beds  showing  in  the  cafions. 

Approaching  Grand  Biver  Valley,  we  find  the  sandstones  of  the 
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Laramie  groap  appearing,  and  below  tbem  tlie  shales  and  sandstonefl 
of  the  Fox  Hills  Cretaceous. 

We  left  the  plateau  at  the  head  of  Boan  Greek,  and  followed  that 
stream  to  Grand  Biver.  Where  we  descended,  the  cliffs  wer^  about 
1,400  feet  high.  This  is  just  east  of  Station  27.  The  strata  were  aboud 
horizontal,  and  belong  to  the  Green  River  group.  A  short  distance 
down  the  stream  we  reached  the  Wahsatch  beds,  which  continued  to 
outcrop  along  the  creek  almost  to  its  mouth.  The  variegated  character 
of  these  beds  is  very  marked  in  this  region. 

There  are  slight  evidences  of  an  anticlinal  fold  in  the  Wahsatch  bed9 
in  the  bottom  of  the  valley.  In  the  cliffs  the  Green  Biver  group  ap* 
pears  to  be  horizontal,  and  there  must  therefore  be  either  an  uncouform* 
ability  between  the  two  groups  or  erosion  has  removed  that  portion  of 
the  Green  Biver  group  which  was  affected  by  the  fold.  Erosion  has  sfi 
obscured  the  beds  in  the  valley  that  it  is  difficult  to  determine  the  exaot 
conditions.  That  there  was  a  fold  I  think  is  evident,  and  we  have  low 
hills  bordering  the  creek  on  the  upper  part  of  its  course,  formed  by  thif 
anticlinal,  the  creek  occupying  the  axis  of  the  fold.  This  fold  probabli 
determined  the  course  of  the  creek.  As  we  go  down  the  stream  the  foil 
appears  to  die  out. 

As  we  approach  Grand  Biver  a  series  of  massive  and  laminated  8and» 
stones  appears  beneath  the  Wahsatch  group.  South  of  White  Mounfei 
ain  these  sandstones  form  bluffs  of  400  to  500  feet  facing  the  rivec 
They  probably  represent  the  upper  part  of  the  Laramie  group.  Folioi^ 
ing  up  the  river  these  sandstones  soon  disappear,  and  the  overlyini 
Wahnatch  beds  also  sink  for  a  short  distance,  but  soon  rise  a  little  ao4 
continue  almost  horizontal.  What  dip  there  is  appears  to  be  toward 
the  north.  The  white  and  yellow  beds  of  the  Green  Biver  group  foral 
cliffs  at  the  summit  of  the  bluff,  while  the  underlying  soft,  variegatoi 
beds  weather  in  their  characteristic  sloi)es.  This  is  well  shown  in  Fift 
2,  Plate  X  (a  sketch  of  the  Boan  Cliff's  on  Grand  Biver,  made  by  Mq 
Holmes). 

Between  Parachute  Greek  and  Cactus  Valley  the  Wahsatch  beds  shoii 
the  characteristic  weathering  of  Bad  Lands  into  columns  and  towerri 
Along  the  river  there  are  well-marked  terraces  cut  in  the  soft  beds.  Oi 
the  south  side  these  terraces  are  covered  with  bowlders  of  basalt  thai 
have  been  washed  from  the  Battlement  mesa.  I  did  not  notice  auyo^ 
the  north  side.  The  steepness  of  the  cliffs  on  the  north  side  has  caase<| 
deep  gullies  to  be  out  by  the  small  branches  of  the  Grand.  The  hill^ 
on  the  south  side  are  more  rounded,  and  the  stream-beds  much  less  ill 
depth.  J 

In  Cactus  Valley  we  found  the  variegated  beds  forming  low  blaffl 
facing  the  river,  and  low  hogbacks  inclining  from  the  Grand  Hogbacij 
Bange.  This,  however,  lies  in  Dr.  Endlich's  district,  and  will 
described  by  him.  The  only  portion  of  the  district  remaining  to 
described  is  tht*  Little  Book  Cliff's,  through  which  Grand  Biver  cQt( 
its  hogback  caiiou  from  the  month  of  Plateau  Creek  to  Grand  Biv( 
Valley. 

LITTLE  BOOK  CLIFFS.  ( 

The  Little  Book  Cliffs  extend  from  Grand  Biver  northwestward  ti( 
East  Salt  Creek,  a  distance  of  some  thirty  miles.  Fig.  3,  Plate  1 
gives  a  view  of  tne  cliffs  as  seen  from  the  south  side  of  the  Grand.  Tb 
cliffs  are  about  1,800  feet  in  average  height.  Near  the  Grand  the  fol 
lowing  is  the  section  (point  c  f  in  Fig.  3,  Plate  X).  The  thicknesses  ai 
measured  by  angles  taken  with  the  gradienter  from  a  station  ou  tb 
south  side  of  the  Grand. 
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Sediaru 


Base. 


Upper  2>art  of        1 1.  Black  and  yellow  sbales,  with  lime- ) 

u  I        stones  t | 


Feet. 

800 


Colorado  Cretaceoas 

< '  2.  Yellov/  sandstone,  forming  an  iudi j- 1 
tinct  escarpment ] 

3.  Yellow  shales  and  sandstones,  with  >      710 
Fox  Hills  Cretaceoas.  <         a  band  of  lignite  near  the  upper  ] 

part 3 

4.  Sandstone 
(5.  Shiily  beds ^       380 

Laramie  f  6.  Pinkish  sandstones 


Total 1,890 

TheAe  beds  dip  to  the  northeast  at  an  angle  of  abont  S^.  As  we  trace 
byer  ^o.  2  toward  the  northwest  along  tbe  cliffs  it  becomes  somewhat 
indistioct.  The  beds  also,  as  seen  from  Station  4,  appear  to  sink,  and 
tiie  Laramie  sandstones  undoubtedly  form  tbe  escarpment  at  the  sum- 
mit of  tbe  cliffs.    Still  farther  along,  the  beds  rise  again. 

East  of  Station  4  and  back  of  the  first  line  of  cliffs  a  second  line  is 
noted,  iu  which  tbe  beds  are  the  variegated  sbales  and  sandstones  of 
the  Wabsatch  Group.  The  sketch  id  Fig.  3,  Plate  X,  is  taken  from  too 
low  a  point  to  show  tbis  line  of  cliffs.  As  we  approach  EASt  Salt  Creek 
tbe  Wahsatch  l)eds  come  to  the  front,  continuing  westward  from  a  low 
range  of  hills  ¥vhich  represent  a  portion  of  tbe  Boan  Cliffs.  Tbey  do 
not  remain  in  Trent  long,  but  retreat  and  form  tbe  base  of  a  line  of  cliffs 
wbich  extend  »outbwest  from  Station  28.  The  latter  marks  the  angle  of 
t^bend,  a  line  of  cliffs  extending  southeast  from  the  station.  Station 
30  is  locateil  oa  the  same  line.  These  cliffs  arc  capped  with  Green  River 
Tertiary,  and  are  abont  a  thousand  feet  higher  than  the  outer  cliffs, 
Irom  which  they  are  distant  about  six  miles. 

Tbe  map  of  Area  B  will  enable  the  reader  to  obtain  a  clearer  idea  of 
the  extent  of  the  cliffs  and  the  areas  occupied  by  tbe  various  formations 
represented  in  them. 

There  is  room  through  all  tbis  region  for  much  detailed  work  which 
the  lateness  of  the  season  and  small  amount  of  time  at  our  disposal 
presented  ns  from  accomplishing. 
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GEOLOGICAL  FORMATIONS  OP  THE   GRAND  RIVER 
<  DISTRICT. 

? 

i  Id  this  chapter  I  shall  endeavor  to  present  in  as  concise  a  manner  a| 

1  possible  the  varioas  facts  observed  in  regard  to  each  formation.  j 

The  following  list  represents  those  coming  under  observaUon  darini 
the  season: 

Upper  Carboniferoas. 

Triassic  T 

Jarassic. 


CretaceoQs 


< '  Lower  Dakota  group 
Upper  Dakota  group. 
Colorado  group. 
(^  Fox  Hills  group. 
Post-Cretaceous Laramie  group. 


Tprtiarv  i  Wahsatch  group. 

^®™*^ \  Green  River  group. 

Post-Tertiary  and  recent.  i 

On  the  south  side  of  Grand  River  (in  Area  fi)  there  are  a  few  isolated 
exposures  of  granitic  rock.  These  were  not  visited  this  season,  but  wen 
referred  to  in  the  report  for  1875  (p.  66).  Neither  Silurian  nor  Devoniaa 
was  recognized  in  either  district. 

Area  A  is  composed  almost  entirely  of  Cretaceous  strata,  while  Axen 
B  is  about  equally  divided  between  the  Cretaceous  and  the  Tertiary. 

UPPER  OABBONIFEBOUS.  i 

Area  A. — ^A  reference  to  the  accompanying  map  (Plate  YIII)  will  shoij 
the  areas  in  which  rocks  of  the  Upper  Carboniferous  formation  are  ex^ 
posed.  The  line  separating  them  from  theTrias  has  been  arbitrarily  fixed* 
as  the  soft,  sandstones  and  gypsiferous  shales  are  much  like  the  bedj 
forming  the  base  of  the  Trias.  This  is  what  would  naturally  be  expected 
when  it  is  remembered  that  the  deposition  of  the  sediments  in  this  regiod 
was  probably  continuous,  and  the  materials  entering  into  their  compoH 
sition  derived  from  the  same  sources.  Both  the  localities  (in  Parado^ 
YallQy  and  in  the  Canon  of  the  Dolores)  noted  on  the  map  were  seeii 
from  a  distance,  and  therefore  no  details  respecting  them  can  be  pre^ 
seuted.  They  are  probably  similar  to  the  rocks  of  the  same  age  showingl 
farther  north  and  west,  which  were  described  in  the  Report  for  1875 
(p.  71). 

Area  B, — ^The  map  of  this  area  shows  a  small  outcrop  of  Upper  Car- 
boniferous on  Grand  River  below  tbe  mouth  of  the  Rio  Dolores.  It  iB 
unimportant,  and  was  referred  to  in  the  Report  for  1875. 

JUBA-TBIAS. 

The  line  separating  the  Triassic  from  the  Jurassic  is  almost  as  obscnra 
as  that  separating  the  Carboniferous  from  the  Triassic.    The  line  hat 
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ken  drawn  litbolopicallj,  the  massive  red  sandstone  being  oonsid- 
«Rd  the  top  of  the  Triassic.  The  conflicting  evidence  presented  by  the 
•rganic  remains  fonnd  in  the  Jnrassic  and  TriaBsic  beds  of  the  West  has 
ken  referred  to  in  previous  reports  (1874  and  1875). 

Area  A. — Hardly  more  than  60  sqnare  miles  of  the  area  are  covered 
vith  the  red  sandstones  of  the  Trias.  A  massive  red  sandstone,  becom- 
ing lighter  colored  toward  the  top,  cross  stratified  at  many  places,  is  the 
(NVfuling  characteristic  rock.  Its  thickness  is  from  500  to  1,000  feet. 
the  beds  become  lanimated  below,  and  gypsiferoos,  passing  gradnally 
into  the  Upper  Carboniferons.  The  variegated  sandstone  shales  that 
lie  above,  have  been  colored  on  the  map  to  represent  the  Jurassic.  Tbe 
fNieral  character  is  the  same  as  previously  described — soft  greenish  and 

Say  argillaceous  and  arenaceous  shales  and  marls  near  the  top,  passing 
to  the  Lower  Dakota  sandstone,  and  dull,  reddish  laminated  sandstones 
'sod  shales  at  the  base.  The  limestones  that  occur  farther  north  near 
the  base  appear  to  be  absent  here.  The  area  occupied  is  abont  80  square 
miles.  The  Eio  San  Miguel  has  an  outcrop  of  Jurassic  at  the  bottom 
•f  its  canon  walls  almost  its  entire  length.  A  few  of  its  tributaries  also 
cat  deep  enough  to  expose  the  Jura.  The  mesa  northeast  of  Paradox 
Valley  is  capped  with  the  reddish  shales  that  lie  at  the  base  of  the  for- 
matioD.  This  is  also  the  case  with  the  region  included  in  the  bend  of 
the  Dolores  north  of  Island  Mesa.  The  streams  tributary  to  the  Do- 
kffes  here  cut  into  the  Bed  Beds  beneath.  All  about  Island  Mesa,  Ju« 
lassie  rocks  arc  exposed,  and  the  debris  filling  Gypsum  Valley  is  from 
neks  of  the  same  age.  The  structure  of  this  region  was  described  in 
Cbapter  II,  and  a  study  of  the  map  and  sections  will  make  the  descrip- 
tioB  more  intelligible. 

Area  B. — ^In  Area  B  the  Trias  and  Jura  are  found  only  along  Grand 
Biver,  tbe  former  principally  on  the  south  side,  and  the  latter  on  the 
aorUi.  The  lithological  line  separating  them  is  much  better  defined 
than  it  is  in  Area  A.  The  sandstones  forming  the  upper  part  of  the  Bed 
Beds  &re  very  massive,  and  the  shaly  beds  just  above  coutain  thin  layers 
of  limestone.  Below  the  massive  sandstones  come  bloodred  shales,  fol- 
bved  by  massive  sandstones,  generally  of  a  deep-red  color,  although 
in  many  places  the  color  fades  to  almost  white.  The  thickness  exposed 
is  Dearly  500  feet,  which  represents  only  a  portion  of  the  formation. 

In  the  Bed  and  Variegated  Beds  the  Grand  cuts  a  canon  of  vai*ying 
leighty  but  at  no  place  does  it  exceed  1,000  feet. 

The  general  section  of  the  beds  referred  to  the  Jurassic  is  about  as 
Mlows : 


Feet. 

L  White  bands  of  sandstone  with  greenish  marls  and  a  few  thin 

layers  ofcherty  limestone  at  the  base 80 

2.  Vanegated  green  and  red  sandstone  shales  and  marls \  ^o^ 

3L  White  sandstone )  ^^^ 

Total 200 

The  variegated  character  of  the  shales  and  marls  is  much  more  marked 
at  sooie  localities  than  at  others.  At  Station  10,  near  Horseshoe  Bend 
of  the  Grand,  they  are  rather  brilliant  in  color,  and  gypsum  seems  to  enter 
Ivgely  into  their  composition.  From  Alkali  Greek  to  the  Bend  the  Ju- 
;  laasic  beds  are  seen  as  remnants  capping  isolated  areas,  and  on  the 
Dome  Platean  the  lower  portion  of  the  same  formation  covers  a  consid- 
Irable  area  soath  of  the  hogbacks  that  border  the  Grand  Kiver  Valley 
St  this  place.  A  reference  to  the  map  of  Area  B  will  give  the  best  idea 
of  the  extent  of  the  formation. 
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Tbe  line  separating  the  Jnrassic  from  the  overlying  Dakota  is  ind  ! 
inlte.  The  discussiou  io  regard  to  it  wilt  be  found  Id  tbe  reports  i  i 
1875. 

CRETACEOUS. 

Area  A. — Of  tbe  1,000  sqnare  miles  iDclnded  in  the  area,  abont  8J: 
tire  covered  with  rocks  of  Oretaceons  nge.  Of  this  850  square  milei 
about  TO  have  tbe  Colorado  group  as  the  surface  formaCioo,  tbe  rei 
beiug  mainly  Dakota  Grocp. 

The  Dakota  group  for  the  most  part  is  horizontal,  and  the  con<litioT 
of  the  strata  are  very  uniform.  It  forms  the  tops  of  the  blufEs  on  all  t>l: 
cuiions.  It  is  a  moderately  compact,  yellowish,  silicious  sandstom 
Beneath  are  greenish  shales  and  bauds  of  sandstone.  The  latter  bi^v 
been  referred  to  the  Lower  Dakota.  The  total  thickness  is  about  6fl 
or  700  feet,  about  200  feet  being  referable  to  the  upper  Dakota. 

The  massive  sandstone  at  the  top  in  most  places  appears  to  bav 
formed  a  barrier  to  erosion,  the  overlying  shales  Iiaviug  been  sivep 
away.  Remnants  are  still  seen  in  Basin  Plateau,  and  in  the  aa^le  c 
tbe  San  Migael  opposite  tbe  mouth  of  Naturita  Greek.  Farther  soatfa 
however,  near  the  slopes  of  Lone  Gone,  the  shales  are  more  peraistenl 
forming  mesas  extending  northward.  The  eruption  of  the  trachyCii 
masses  seems  to  have  bad  some  inHuence  in  protecting  them  in  thii 
locality.  These  remarks  are  merely  intended  to  supplement  the  lie 
port  for  1875. 

Area  B. — As  already  stated,  the  whole  of  Grand  Biver  Valley,  and  £ 
considerable  portion  of  the  cliffs  bordering  it,  are  occapied  by  beds  of 
Gretnceous  age.  Of  this,  the  Colorado  shales  occupy  over  1,000  squarci 
miles  in  the  space  between  the  cliffs  and  the  hogbacks  on  Grand  Hiver. 
They  are  so  eroded  and  covered  by  debris  that  but  little  can  be  predi- 
cated of  them.  Tbey  form  low  bluffs  back  of  the  hogbacks.  Tbe  total 
thickness  of  the  groap  is  about  1,500  feet.  The  beds  consist  of  calca- 
reous and  argillaceous  shales  with  sandstone  and  limestone  bands. 

The  sandstone  of  the  Dakota  group  here,  as  at  so  many  other  locali- 
ties, seems  to  have  presented  a  decided  resistance  to  erosion,  and  aa  a 
result  we  find  it  forming  tbe  summit  of  tbe  hogbacks. 

It  issomewhatdifficulttodetermine  the  exact  thickness  of  the  Dakotl 
gronp,  as  we  do  not  know  exactly  what  its  lower  limit  is.  We  find  tb< 
same  difficalty  in  dividing  the  Dakota  Cretaceous  from  the  Jurassic  tba 
is  always  found  where  the  deposition  of  sediments  has  been  continuon 
from  age  to  nge. 

The  following  is  the  average  section  of  the  Dakota  groop  la  the  hog 
backs  on  Grand  Biver : 

Top.  ThiekaeM  In  feH 

1.  Massive  yellow,  siliceous  sandstone,  with  faint  impressions')  I 

of  dicotyledonoas  stems,  at  some  localities I    anncm 

•  Variegated  marls,  with  bands  of  reddish  sandstones.    These  f    ''"~^™1 
beds  have  the  characteristio  weathering  of  Bad  Lands  ....  3  I 

•  Dark-colored  sandstones,  with  bands  of  marls  and  shales.  1 
Near  the  base  is  a  layer  containing  nodules  ia  which  there  >   50-10' 
are  jaspers \ 

Total  tbicknesa 140-301 

The  greatest  thickness  is  noted  as  we  go  to  tbe  southwest,  beyond  tb 
•end  of  tbe  Grand. 
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Bed  No.  3y  and  a  portion  of  No.  2, 1  have  called  the  Lower  Dakota, 
Oe  name  aaggested  by  Mr.  Holmes.  (Report  1875,  p.  261;  see  also  p. 
tt  of  same  report.) 

Above  the  Colorado  shales,  in  the  Book  Cliffs,  is  a  bed  of  sandstone 
fliat  forms  a  well  marked  escarpment.  This  bed  probably  represents  the 
ttse  of  the  Fox  Hills  group.  Above  it  are  shales  and  sandstones  as 
Ulows: 

Feet. 

L  Sandstones  and  shales 650 

%  Massive  sandstones,  with  a  few  bands  of  shaly  sandstones 600 

I  am  inclined  to  consider  a  part,  if  not  the  whole,  of  layer  No.  2  as 
Monging  to  the  Laramie  group ;  bnt,  as  already  stated,  the  line  between 
'  tte  two  formations  cannot  be  definitely  drawn  in  the  absence  of  fossils. 

In  the  Little  Book  Cliffs  the  sandstones  and  shales  referable  to  the 
Fox  Hills  group  are  about  1,000  feet  in  thickness.  (See  section  p,  177, 
Chap.  III.) 

Professor  White  had  good  exposures  of  the  Fox  Hills  group  farther 
Borth,  and  to  his  reports  the  reader  is  referred  for  details,  especially 
those  of  a  paleontologlcal  nature.  At  no  point  in  the  district  did  I  ob- 
tsdn  any  fossils  from  its  strata. 

POST-CEETACEOUS. 

Dr.  Hayden  first  pointed  out  the  transitional  character  of  the  sand- 
atones  that  lie  between  the  marine  beds  of  the  Cretaceous  and  the  fresh- 
water beds  of  the  Tertiary.*  The  paleontological  evidence  has  been 
cooflictiDg,  those  studying  the  fossil  flora  differing  from  vertebrate 
paleontologists.  As  Dr.  White  has  ably  shown  in  his  comparison  of  the 
Ceoozoic  and  Mesozoic  groups,  the  testimony  of  invertebrate  paleon- 
tology bnt  confirms  the  position  of  Dr.  Hayden.t  For  these  transitional 
beds  Dr.  White  has  proposed  the  name  Post-Cretaceous.  The  beds  of 
the  Laramie  group  are  the  ones  so  designated.  They  consist  mainly  of 
landstones. 

In  Area  A  no  beds  of  Post  Cretaceous  age  were  noted ;  so  I  pass  to 

Area  B. — In  the  western  part  of  this  district  there  is  no  distinct  litho- 
kgical  line  separating  the  Laramie  group  from  the  Fox  Hills  below 
nor  from  the  Wahsatch  beds  above.  In  passing  up  through  the  sand- 
stones, it  is  noticed  that  they  have  a  tendency  to  separate  into  massive 
bands,  between  which  reddish  shales  or  laminated  sandstones  appear. 
As  we  ascend  still  higher,  they  pass  insensibly  into  the  shales  of  the 
Green  Biver  Group. 

On  Grand  Kiver,  near  the  month  of  Eoan  Creek,  there  are  bluffs  in 
which  about  500'  feet  of  sandstones  outcrop.  These  sandstones  are 
probably  the  upper  part  of  the  Laramie  group,  the  variegated  beds  just 
above  representing  the  Wahsatch  group. 

In  the  Grand  Hogback  Eange,  just  east  of  Cactus  Valley,  the  follow- 
ing fossil  plants  were  obtained,  the  identification  being  by  Professor 
Lesqoerenx : 

FIcus  auriculatOy  Lesqx* 

Ficus  planicogtatay  Lesqx. 

Ficus  planicostata  var.  Ooldiana^  Lesqx. 

Diospiros  cra4isinervi8f  Lesqx. 

Salix 1 

Vinnamamumy  fragment. 

•  Report  U.  8.  Geol.  Sorvey,  1870,  pp.  165-166. 
tBalletin  No.  3,  vol.  ui,  pp.  624-629. 
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lu  a  letter,  Professor  Lesqnereax  says  "all"  tbese  leaves  "are  cha; 
actvristio  of  tbe  Lower  LiKUitic  or  of  tbe  Lower  Eocene,  aad  have  bee 
foand  at  Point  of  Rocks,  Black  Batte,  and  Golden,  especially,  the  mof 
abundant  fVagmeut  being  of  Ficua  planicostata,  and  its  variety  Ooldtatu 
These  plants  were  obtained  from  a  sandstone  at  the  very  top  of  th 
groap  which  I  bare  referred  to,  the  Laramie  groap;  and  Uiia  bed  ma, 
perhaps  be  referred  in  tbe  future  to  the  Wahaatch  groap. 


The  Tertiary  strata  cover  larger  proportionate  areas  in  the  northen 
district  (Area  B)  than  any  other.  The  accompanying  map  (Plate  XI 
will  give  the  best  idea  of  their  extent.  In  Area  A  there  are  no  bed' 
•  referable  to  the  Tertiary. 

The  Tertiary  strata  capping  the  Booh  Gltffs  extend  northward  -intt 
Dr.  Endltcb  and  Br.  White's  districts,  dipping  gently  away  from  thi 
e<lge  of  the  cliffs.  The  Green  Biver  group  forms  tbe  snoimit  as  at 
escaniment,  iu  which  tbe  beds  weather  of  a  white  color,  from  which  the 
variegated  beds  beneath  are  distinctly  separable  in  the  eastern  portion 
of  tbe  area.  Toward  the  west,  however,  the  distinction  ia  not  well 
marked,  as  the  Wahsatcfa  beds  consist  of  harder  sandstooea  and  the 
variegated  character  is  almost  entirely  lost. 

The  following  table  will  show  at  a  glance  tbe  differences  at  the  differenC 
points.  Tbe  third  section  was  made  in  1871,  bat  is  in  tbe  same  neigh- 
borhood: 


OEOLOOICAL  F0B1U.TI0NS — TABLE  OF  TEBTIABT. 
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WAHSATGH  GEOUP. 

lu  tho  western  part  of  AreaB  the  Wahsatch  group  cannot  be  definitelj 
separated  from  the  overlying  Green  River  nor  from  the  underlying 
Laramie.    I  therefore  pass  to  the  eastern  portion  of  the  district. 

A  belt  of  Wahsatch  beds  extends  from  Grand  Eiver  op  Roan  Creek  t 
little  above  the  bend,  southeast  of  Station  27.  The  creek  appears  tc 
occupy  the  axis  of  an  anticlinal  fold  in  the  variegatea  beds.  The  out 
crop  becomes  thicker  as  we  descend  until  the  entire  thickness  is  exposed^ 
At  the  top  are  laminated  sandstones  and  greenish  shales.  These  may 
be  the  lower  jiortion  of  the  Green  Eiver  group.  Below  are  the  varieg^ated 
greenish,  yellow,  and  red  marls  and  shales,  separated  by  bands  of  lami- 
nated sandstone.  The  latter  are  not  persistent,  but  often  entirefy  fade 
out  On  Grand  River  I  counted  five  separate  bands,  which  varied  in 
thickness.  At  one  place  they  were  50  to  75  feet  thick,  and  a  short  dis- 
tance beyond  only  5  or  10  feet.  Some  of  these  sandstones  are  pink, 
others  yellow  or  greenish,  in  tint.  In  most  places  the  variegated  beds 
weather  into  the  columns,  spires,  and  other  forms  so  characteristic  of 
Bad  Lands.  These  beds  are  the  same  that  in  1874  were  referred  to  tho 
Green  River  group,  in  which  was  included  the  Wahsatch  group  (Report 
1874,  p.  156).  From  the  beds  on  Plateau  Greek  the  ibllowing  vertebrate 
remains  were  obtained :  CrocodiluSy  Emys^  Trionyx^  Pappichtkys. 

In  the  Cactus  Valley,  a  low  mesa  extends  southward  from  the  Grand 
Hogback  Range  east  of  Rifle  Creek.  In  the  bluff,  ou  the  east  side  of 
this  mesa,  the  following  fossil  plants  were  found:  Bluimnusy  species  new, 
Aralia  gracilis.  Of  these  Professor  Lesquereux  says :  *'  No.  6  (the  num- 
ber of  the  specimens)  has  two  species  only,  a  new  species  of  Rhamnns 
like  B.  Goldianus,  Lesqx.  (Lower  Lignite),  but  with  a  somewhat  different 
nervation,  more  like  species  of  the  Lower  Miocene  of  Europe.  Aralia 
(Araliapsis)  gracilis^  Lesqx.,  is  a  very  fine  species,  as  yet  represented  by 
one  specimen  only  from  Bridger  Pass.  Again  he  says:  ^^  Specimens  No. 
5  are  Upper  Eocene!"  Similar  beds,  holding  tho  same  stratigraphical 
relation  to  the  Green  River  Group  us  these,  outcrop  in  Dr.  Whitens  dis- 
trict. He  will  discuss  the  question  of  their  age  more  at  length  in  con- 
nection with  the  evidence  furnished  by  paleontology. 

OBEEN  BIYEB  GROUP. 

The  white  shales  mark  the  beds  of  the  Green  River  group  all  along 
the  Book  Cliffs.  They  consist  of  indurated,  argilhxceous,  calcareous, 
and  arenaceous  shales.  When  broken,  they  are  generally  dark-colored 
inside.  Toward  the  west  there  are  layers  of  green  and  white  fissile  shales. 
At  Station  20  the  summit  of  the  cliffs  is  a  yellow  sandstone,  and  all 
along  the  divide  in  this  neighborhood  there  is  an  oolitic  limestone  that 
comes  in  near  the  summit. 

At  the  Cliff  Spring  the  shales  contain  fossils  in  at  least  two  different 
layers. 

The  following  is  the  general  section : 

Top.  Feet. 

1.  Sandstones,  limestones,  and  shales ^0 

2.  Argillaceous  shales,  dark  colored,  containing  fossils  No.  1..  > 

3.  Thin  white  shales,  probably  calcareous  and  argillaceous.. .  >      133 

4.  Dark  argillaceous  shales,  containing  fossils  No.  2 ) 

5.  White  arenaceous  and  argillaceous  shales  to  base  of  cliff. 

The  angle  of  dip  is  about  4^,  and  the  inclination  is  a  little  east  of 
north. 
The  fossils  from  layer  2  are — 
Plancra  TTngm^  Ueer. 
Flanera  longifolia^  Lesqx. 
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Mjfrka  laUloba^  Heer. 
I  Fraximu  prtediciay  Heer. 

1  Se^pMus  angu8tifoliay  Lesqx. 
I  Myrica  Copeanaj  Lesqx. 

Spidfer  bads  of  Equisetum. 

From  layer  No.  4  the  following  were  obtained : 

Planera  langi/olia. 

Hpicifer  bods  of  Uquisetum. 
^  At  camp  37,  near  Station  27,  the  cliffs  were  again  foaud  to  bo  fossil- 
Arous. 

The  following  is  the  section : 
ftp. 

I  Limestone,  white  and  crystalline  shales. 

t  Greenish-gray  sandstone  with  fossils  No.  4. 

i>  Dark  argillaceoas  shales  with  fossils  Ko.  3.    These  fossils  are  about 

10  feet  below  So.  1. 
i  White  shales  to  base  of  cliffs. 

Fossils  No.  3  are  the  following : 

Myrica  laiilobaj  Heer. 

Myriea  aeuminatay  Ung. 

Bapindus  anffusiifolia^  Lesqx. 

St^ndns 1 

I^  affiniSj  Lesqx. 

Stem  of  E^isetum. 

Crashed  feathers  9  or  hairs. 

Fossils  No.  4  are— 

Myrica  UUilobay  Heer. 

Myrica  acuminataj  Ung. 

Sapindus  angustifolia. 

Myrica  undulataj  Lesqx. 

For  these  identifications  I  am  indebted  to  the  kindness  of  Professor 
l^oerenx,  to  whom  the  specimens  were  submitted.  Professor  Les- 
lueieux  says:  "All  the  specimens  represented  from  No.  1  to  No.  4  show 
evidently  the  same  formation,  that  of  the  Green  Siver  group,  or  Mio- 
^Q^  as  it  is  represented  at  Elko  Station,  Middle,  and  especially  South 
Park,  &C.  I  have  specimens  of  most  of  the  species  indicated  in  your 
^ble  from  the  localities  here  named,  Florissant,  Gastello  Kanch,  &c. 
The  small  cones,  spicifer  buds  of  Equisetum^  are  very  fine  and  new." 

The  following  is  a  general  section  of  the  Green  Biver  group  in  the 
^%  east  of  Station  27.  It  does  not  include  the  entire  thickness,  as  a 
portion  of  the  upper  beds  has  been  removed  by  erosion. 


Section. 


Feet. 


^Indurated  argillaceous,  arenaceous,  and  calcareous  shales,^ 
with  thin  bands  of  limestone  near  the  top.    These  shales 
weather  white,  but  when  broken  are  generally  dark  inside. 

^  Bosty  colored  sandstones  with  interlaminated  shales )>  1,600 

^  Thin  greenish  argillaceous  shales,  with  bands  of  laminated 
sandstone 

^  BoBty  laminated  sandstones 

This  thickness  was  measured  with  an  aneroid  barometer.  The  section 
^t  White  Mountain  is  given  in  the  table  on  p.  183. 

It  is  in  b^  No.  1,  of  the  section  just  given,  that  fossils  Nos.  3  and  4 
vere  obtained. 
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REPORT  OF  WILLIAM  H.  HOLMES. 


LETTER  OP  TRANSMITTAL. 
Office  United  States  Geological 

AND  OEOGBAPHICAL  SUBYEY, 

Washington^  February  1, 1878. 

Sib  :  I  have  tbe  honor  herewith  to  transmit  my  report  on  the  geology 
of  the  small  area  examined  by  me  during  the  season  of  1876. 
Very  respectfully,  your  obedient  servant. 

WM.  H.  HOLMES. 
Dr.  P.  V.  Haydbn, 

United  States  Oeologist  in  charge. 

187 


! 


L 


a.,   Soiah—East  point— 


Z. 


^^ao  ~pi^ 


PPORT  ON  THE  GEOLOGY  OF  THE  SIERRA  ABAJO  AND  WEST 

SAN  MIGUEL  MOUNTAINS. 


By  W.  H.  Holmes. 


In  the  sammer  of  1876  I  accompanied  Mr.  Wilson,  director  of  the 

imary  triangalation,  to  the  Sierra  Abajo  or  Low  Mountains  of  Soatb- 

Utah.    We  approached  them  from  the  east,  by  way  of  the  old 

ish  trail,  which  led  us  aroand  the  sonth  base  of  the  La  Plata  Moun- 

io8  and  across  the  Oreat  Sage  Plain.    It  was  not  dif^cnlt  to  I'ecognize 

varioas  features  of  the  country  west  of  the  south  bend  of  the  Eio 

lores  by  the  descriptions  of  Dr.  Newberry,  recently  published.    Leav- 

the  Dolores  at  the  point  touched  by  the  trail,  we  passed  up  to  the 

th  over  the  blufis  of  the  Dakota  sandstones,  and  found  smooth, 

ootODous  traveling  over  the  almost  unbroken  plain.    Considerable 

of  the  fossil-bearing  shales  of  the  Middle  Cretaceous  were  observed 

localities  subject  to  the  least  amount  of  drainage,  but  the  main  tloor 

the  plain  is  composed  of  the  Dakota  sandstones. 

Ten  miles  out  we  came  upon  a  shallow  wash  in  which  was  a  spring. 

small  band  of  TJtes  was  encamped  here,  and  on  the  west  bank  of  the 

Tine  extensive  ruins  were  noticed.    This  is  probably  the  Surouara  of 

t  Newberry.    At  night  we  made  camp  in  a  pretty  little  valley  about 

'dway  between  the  Dolores  and  the  Sierra  Abajo.    At  this  place  a 

all  spring  issues  from  the  lower  slope  of  the  Cretaceous  bluff,  and 

rds  water  enough  for  a  small  party.     On  the  following  day  we  left 

tortnous  trail,  which  seemed  to  be  leading  northward  toward  the 

la  Sal,  and  rode  directly  westward.    Alter  some  40  miles  travel 

stmck  the  cauon  of  the  Montezuma  near  its  head,  and,  crossing  this, 

^  camped  in  the  evening  close  under  the  east  slope  of  the  Sierra  Abajo. 

I  In  traveling  85  miles  we  had  not  changed  altitude  more  than  500  feet, 

Mhad  not  varied  200  feet. above  or  below  the  geologic  horizon  that 

toaiates  the  Middle  and  Lower  Cretaceous  strata.    The  floor  of  the 

Pain  is  everywhere  of  the  Lower  Cretaceous  sandstones,  which  have 

ED<^Uy  a  gentle  southern  dip.  Small  areas  of  the  shales  remain  on 
Bless  eroded  districts.  In  no  case  do  the  stream-courses  penetrate  to 
|e  Bed  Beds.  At  the  point  of  crossing,  the  Montezuma  Caiion  is  only 
pO  feet  in  depth,  and  the  walls  are  composed  at  the  top  of  about  40  feet 
■  maasive,  yellowish  sandstones,  beneath  which  are  soft  sandstones  and 
"ales,  mostly  covered  with  dSbris.  The  altitude  at  the  crossing  is  6,200 
above  sea-level.  From  the  caiion,  which  runs  north  and  south,  a 
tie  slope  of  9  or  10  miles  leads  up  to  the  base  of  the  steeper  faces  of 
emoQQtains.  The  sketch  (Plate  XIII,)  taken  from  the  east  bank  of  the 
OQtezama  Caiion,  will  give  a  good  idea  of  the  general  appearance  of 
|k  eastern  face  of  the  group.  There  is  nothing  striking  in  the  outlines 
V  the  mountains,  and  there  is  a  total  absence  of  the  bold  forms  and 
l^ed  rock-masses  that  characterize  the  larger  groups  to  the  east. 
I  We  encamped  at  the  base  of  the  principal  eastern  spur,  where  we 
Nb  QDfortnnately  detained  for  three  days  by  a  rain  and  snow  storm. 
*^  the  fourth  day,  the  19th  of  September,  we  succeeded  in  making 
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the  ascent  of  the  main  Bammit  A  steep  ridge,  with  sle^ii  smootli 
sides,  projects  4  or  5  miles  to  the  east  from  the  main  crest,  op  wkieli. 
we  were  able  to  ride  to  the  highest  point.  This  point  is  only  slightly 
higher  than  a  number  of  other  summits  to  the  west  and  north,  and  is 
by  no  means  a  marked  peak:  it  is  simply  the  highest  point  of  a  long* 
east  and  west  ridge.  Here  Mr.  Wilson  made  the  desired  primary  tri- 
angulation  station.  We  were  unable,  however,  to  build  a  monument, 
as  a  foot  or  more  of  snow  obscured  the  trachytic  shingle  that  abounds 
near  the  summit.  The  latitude  of  our  station  was  determined  tx>  be 
370  5(y,  the  longitude  109^  2V.  It  is  therefore  about  23  miles  west  of 
the  Colorado  line,  and  58  miles  north  of  the  line  of  Arizona. 

The  Tiew  from  the  summit  Is  one  of  more  than  ordinary  interest,  since 
within  the  circle  of  vision  there  is  much  that  has  never  passed  beneath 
the  explorer's  eye.  To  the  eastward  the  view  is  only  interrupted,  by 
the  La  Plata  and  San  Juan  Mountains,  100  miles  away.  In  the  soath. 
are  the  Sierra  Garriso,  in  the  west  the  Henry  Mountains,  and  to  the 
north  the  Sierra  La  Sal,  all  in  plain  view,  yet  outlining  a  circle  nearly 
150  miles  in  diameter,  and  including  an  area  of  20,000  square  miles. 
This  vast  area  lies  beneath  us  a  silent  desert,  a  plateau  land  cut  by 
innumerable  waterless  canons,  and  dotted  witn  a  thousand  fancifully^ 
carved  and  brilliantly  colored  rocks.  1 

To  the  south  lies  the  broad  valley  of  the  Eio  San  Juan,  the  delicate 
thread  of  green  that  lines  its  bank  being  barely  visible  through  the 
notches  cut  by  the  deep  side  cafions.  Beneath  us  on  the  west,  yet 
many  miles  away,  is  the  Eio  Colorado,  its  general  course  scarcely  trace- 
able through  the  labarynth  of  clifEs  and  canons.  These  two  streams 
join  in  Utah,  about  100  miles  to  the  southwest.  The  lower  course  of 
the  San  Juan  can  be  followed  by  the  eye  until  it  passes  the  north  base 
of  Navajo  Mountain,  a  massive  dome-shaped  butte  that  lies  a  little  to 
the  southeast  of  the  junction.  In  the  angle  between  these  streams 
there  is  a  high  red  table-land,  the  Bear's  Ears  Plateau,  which  seems  to 
be  pretty  nearly  separated  from  the  surrounding  table-lands.  It  seems 
to  extend  to  the  San  Juan  on  the  south,  and  far  out  toward  the  Colorado 
on  the  west,  while  the  deep  drainage  courses  that  extend  north  and 
south  from  the  Sierra  Abajo  sever  it  from  the  Great  Sage  Plain.  It  is 
also  severed  from  the  Abajo  by  a  low  depression  produced  by  the  meet- 
ing of  the  northern  and  southern  drainage  along  the  west  base  of  the 
Abajo  group.  As  far  as  the  eye  can  reach,  the  strata,  excepting  on  the 
eastern  border,  are  nearly  horizontal,  and  there  are  only  a  few  low 
buttes  that  rise  above  the  general  level  of  the  plateau.  Of  these  buttes 
the  two  known  by  the  Mexicans  as  0r^08  Osoy  and  two  or  three  inferior 
ones  a  few  miles  further  north  are  distinctly  visible.  From  the  interior 
of  the  plateau  deep  canons  open  out  to  the  San  Juan  on  the  south  and 
the  Colorado  on  the  west,  which  show  in  their  steep  faces  the  brilliant 
colors  of  the  lower  Mesozoic  formations.  It  is  probable  that  the  sur- 
face strata  at  least  are  of  this  age,  but  the  Palseozoic  rocks  are  doubt- 
less exposed  in  the  cafions  of  the  San  Juan  and  Colorado,  as  well  as  in 
the  deeper  side  cafions.  This  triangular  area  comprises  nearly  2,000 
square  miles,  and  is  probably  one  of  the  most  thoroughly  barren  districts 
of  the  great  Colorado  basin. 

On  the  east  the  Bear's  Ears  Plateau  ends  in  a  great  monoclinal  fold, 
with  the  down-throw  on  the  east.  The  Cretaceous  floor  of  the  Sage 
Plain  extends  westward  to  the  line  of  this  fold,  and  occupies  about  the 
same  absolute  horizon  as  the  middle  portion  of  the  Triassic  formations 
to  the  west.  The  throw  of  the  fold  would  therefore  be  approximately 
1,000  feet.    Although  the  amount  of  displacement  is  so  slight  the  fold  is 
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fly  traced  by  a  namber  of  monodiDal  valleys  that  follow  its  axis 
the  base  of  the  Abajo  gronp  to  the  San  Joan.  The  ridges  that 
arate  these  valleys  have  smooth,  sloping  faces  to  the  east,  and  one 
them,  which  presents  a  eontinaoas  line  of  white  or  pinkish  faces,  can 
tracra  sooth  to  the  San  Jnan,  and  far  beyond  into  Arizona.  Macomb 
Epsom  Greeks  on  the  north,  and  the  Bio  de  Ghelly  on  the  sontb, 
py  the  more  prominent  of  these  valleys. 
Beyond  the  San  Jnan,  to  the  southwest,  the  wonderful  forms  of 
onamental  Valley  can  be  seen ;  beyond  this  the  outlines  of  a  broad 
ble-land  can  be  made  out,  which  extends  eastward  from  Navajo 
onntain  toward  the  Bio  de  Ghelly,  and  southward  toward  the  Moqui 
mtry,  probably  connecting  there  with  the  "  Great  White  Mesa.'' 
West  of  our  station,  which  is  near  the  eastern  border  of  the  Abajo 
op,  are  a  number  of  small  partially  isolated  groups  of  mountains, 
bich  obscare  portions  of  the  plateau  country  beyond.  The  formations 
r  the  ^west  base -of  the  mountains  are  certainly  of  the  Jura-Trias  Bed 
s;  beyond  these  we  have  glimpses  of  the  cafioned  region  of  the 
Colorado,  with  its  almost  infinite  series  of  red,  gray,  and  whitish 
&.  Rising  out  of  this  broken  plateau  region  are  the  Henry  Mount- 
ns.  Their  outlines,  as  well  as  much  of  the  detail  of  form,  could  be  made 
t  by  aiil  of  the  field-glass.  They  appeared  to  resemble  very  closely  the 
rious  groups  of  trachytic  mountains  that  lie  along  the  eastern  border 
the  Colorado  Plateau.  The  nearest  peak  of  this  group  is  distant 
at  70  miles  from  this  station. 
The  Sierra  La  Sal  is  a  large  group  of  mountains  that  lies  directly 
rth  of  the  Abajo  at  a  distance  to  the  central  peaks  of  some  40  miles. 
ere  are  a  number  of  finely-shaped  summits,  somewhat  conical  in 
ape,  that  fall  off  to  the  level  of  the  surrounding  plateau  in  long^  steep 
opes.  This  group  stands  quite  alone,  a.nd  is  surrounded  for  the  most 
rt  by  red  rocks,  but  a  series  of  shelving-spurs  on  the  east  and  west 
bably  retain  a  capping  of  the  Lower  Cretaceous  rocks. 
Between  the  Abajo  and  Sierra  La  Sal  is  a  broad  vallOT  of  rather  ex- 
rdinary  configuration.  It  is  drained  by  the  Cafion  Colorado  of  Dr. 
ewberry,  but  from  this  point  no  particular  canon  can  be  traced.  We 
only  a  broad,  depressed  area,  which  falls  off  in  a  succession  of 
galar  cliffs  from  the  western  border  of  the  Sage  Plain  to  the  Bio 
dorado,  over  the  whole  surface  of  which  are  a  multitude  of  masses  of 
ked  rock,  white,  red,  and  gray  ridges,  hillocks,  and  monuments 
oothed  and  rounded  by  the  winds  and  water,  the  whole  being  as 
Dotonous,  except  for  the  occasional  lines  of  cliffs,  as  a  chopped  sea. 
The  eastern  rim  of  this  valley  extends  considerably  to  the  east  of  a 
line  drawn  between  the  two  groups  of  mountains,  and  in  the  middle 
part  two  or  more  canoned  valleys  penetrate  the  plateau-face  of  the 
Bage  Plain,  and  extend  many  miles  eastward  toward  the  Bio  Dolores. 
A  glance  at  the  panorama  will  make  the  topographic  features  of  this 
le^on  clear. 
The  Abajo  group,  as  will  be  readily  seen,  lies  on  the  western  border 
the  Oreat  Sage  Plain.  The  western  limit  of  the  Lower  Cretaceous 
formation  is  uniform  with  that  of  the  plain ;  south  of  the  Abajo  it 
terminates  against  the  eastern  base  of  the  Bear's  Ears  Plateau,  while 
lorth  of  the  Abajo  it  breaks  off  in  the  high  escarped  cliffs  that  overlook 
the  valley  of  Canon  Colorado.  The  dip  of  the  strata  of  the  plain  is 
ilmoBt  uniformly  to  the  south  and  southeast,  so  that  the  drainage  is 
lamed  back  in  those  directions  from  the  western  and  northern  borders, 
leaving  bat  little  surface  tributary  to  the  Colorado  and  Dolores  Bivers. 
The  Sierra  Abajo  consist  of  a  number  of  small  groups  of  volcanic 
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smnmits.  The  trachyte  of  which  they  are  formed  seems  to  have  reached 
its  present  place  through  a  namber  of  channels,  although  probabljj 

;    '  from  the  same  naclens.    The  masses  now  exposed  were  doabtless  forced 

up  through  narrow  crevices  or  apertures  until  the  yielding  formation^ 
of  the  Middle  Gretaceous  were  reached,  where  the  melted  materia^ 

{  spread  out  to  the  right  and  left  in  great  masses  and  sheets.    The  shaU 

are  still  found  in  all  parts  of  the  group,  caught  up  in  a  manner  ideuti< 
with  that  observed  in  the  Late  and  Garriso  Mountains,  and  the  low  saddl< 
between  the  various  groups  of  summits  are  invariably  of  these  shaU 

All  along  the  east  and  south  bases  of  the  mountains  the  sandstone^ 
of  the  Dakota  group  are  turned  up  at  high  angles.  Near  camp,  at  tM 
base  of  the  primary  triangulation  station,  a  double  row  of  hogbackd 
composed  of  these  sandstones  skirt  the  flanks  of  the  hills.  They  arflj 
somewhat  metamorphosed  and  have  a  dip  of  45^.  The  slopes  above  theai 
outcrops  are  for  the  most  part  covered  with  grass  and  bushes  or  wittj 
loose  slides  of  finely  broken  trachyte.  In  a  number  of  places,  however^ 
there  are  outcrops  of  variegated  shales  and  slates,  and  toward  the  sum* 
mits  considerable  masses  of  trachyte  protrude. 

]  The  tendency  in  all  parts  of  the  mountains  is  to  weather  into  smooth^ 

rounded  forms,  owing,  perhaps,  to  the  homogeneous  and  rather  slight!} 

\  compacted  character  of  the  trachyte.    Bemarkable  uniformity  is  notloe* 

able  in  the  height  of  the  various  summits,  and  some  are  nearly  fiafr 
topped.  As  their  general  height  above  the  surrounding  floor  of  the  D» 
kota  sandstones  represents  so  nearly  the  thickness  of  the  Gretaceoof 
shales,  the  idea  is  suggested  that  possibly  the  great  mass  of  trachyte 
did  not  penetrate  the  very  massive  sandstones  of  the  Upper  Gretaceoas. 
which  at  that  time  must  have  covered  the  whole  region. 

There  are  four  principal  groups  of  mountains  which,  together,  covei 
an  area  of  some  150  square  miles.  Their  arrangement  is  such  that  tbi 
total  extent  is  a  little  greater  northwest  and  southeast,  but  the  trend  ii 
not  sufficiently  marked  to  make  a  well-defined  range.  The  southeasten 
section  is  the  only  one  that  comes  within  the  limits  of  the  Golorado  sar 
vey.  This  is  the  group  usually  seen  from  the  east,  and  its  character  wil 
be  understood  by  reference  to  Plate  XIII.  Our  station  was  made  on  tin 
central  summit.  At  the  south  end  is  a  prominent  point  almost  as  higi 
as  our  station,  which  presents  a  sharper  summit  and  more  abrupt  fiice 
than  any  other  of  the  entire  9ierra. 

The  drainage  of  the  north  and  east  faces  of  this  group  belongs  l| 
West  Montezuma  Greek,  while  that  of  the  south  and  west  is  appM 
ently  tributary  to  western  branches  of  the  same  stream.  The  extreni 
head  of  the  Montezuma  seems  to  be  northwest  of  our  station,  between  tk 
second  and  third  groups  of  mountains.  From  this  point  it  circles  arouQ 
to  the  northeast  and  south,  passing  near  the  north  edge  of  the  Sag 
Plain  opposite  the  head  of  Gold  Spring  Ganon.  The  caiion  begins  at. 
point  near  the  east  base  of  the  mountiains  and  rapidly  deepens  towas 
the  San  Juan.  In  the  middle  part  it  is  upward  of  1,000  feet  in  deptl 
and  the  red  rocks  of  the  Jura-Trias  are  exposed.  Between  the  ba| 
of  the  mountains  and  the  Montezuma  Gaiion  there  is  a  considerabi 
area  occupied  by  the  Gretaceous  shales.  East  of  the  canon  the  shall 
only  occur  on  the  higher  and  more  protected  spots. 

Although  the  country  which  surrounds  this  group  of  mountains  J 
desert-like  in  the  extreme,  there  is  a  narrow  belt  about  the  flanks  af 
lower  slopes  that  abounds  in  vegetation.  Gonsiderable  forests  of  pinij! 
pines  occur  about  the  cafioned  region  to  the  east  and  south.  Lai| 
groups  of  these  trees  are  also  scattered  at  intervals  over  the  grealf 
parts  of  the  Sage  Plain.    Groves  of  large  yellow  pines  skirt  the  imai 
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ite  bases  of  the  moantains  and  many  dense  clamps  of  spraces  grow 

the  more  sheltered  spots  aboat  the  summits.    Considerable  areas  are 

rered  by  qoaking-aspens  and  scrnb-oaks,  and  on  the  rich  allnvial  de- 

>sits  at  the  tfase  of  the  steeper  slopes  there  is  a  dense  growth  of  wild 

lerry,  service-berry,  and  other  bashes.    There  is  also  mach  good  grass, 

It  the  omnipresent  sage-brush  is  the  chief  prodact  of  the  sarroonding 

lin.    There  was  ninning-water  in  a  few  of  the  stream-coarses,  but  not 

any  case  a  sufficient  quantity  to  be  utilized  for  irrigation. 

DOLORES  OAKON. 

On  leaving  the  Absgo  Peak  our  party  marched  eastward  toward  Lone 
me,  the  most  westerly  point  of  the  San  Miguel  Mountains.  Although 
e  two  points  are  distant  from  each  other  about  80  miles,  both  are 
plain  view  throughout  the  greater  part  of  the  distance.  Midway  be- 
een  the  two  points  the  plain  is  cut  by  the  canon  of  the  Bio  Dolores, 
e  were  led  to  hope,  from  the  fact  that  a  dim  trail  extended  eastward 
m  the  base  of  the  Abajo,  that  we  should  be  able  to  find  a  passage 
the  river  without  varying  much  from  a  direct  course,  but  were 
ach  amazed  to  find  ourselves  brought  suddenly  to  a  standstill  on  the 
ok  of  a  deep  and  impassable  ca&on.  I  made  no  attempt  to  descend 
walls  or  to  make  detailed  examinations,  as  we  were  still  60  miles 
m  the  main  camp  and  entirely  out  of  provisions.  We  estimated  the 
pth  of  the  canon  to  be  at  least  1,800  feet,  and  subsequent  calculations 
ced  it  at  upwards  of  2^000.  The  Dakota  sandstones  form  the  upper 
e  of  cliffs.  These  are  followed  by  about  800  feet  of  Lower  Dakota 
Ind  Jurassic  strata  which  form  a  steep^  cliff-broken  slope;  beneath 
liese  were  the  precipitous  water-polished  faces  of  the  massive  red  sand- 
ttODes.  The  opposing  walls  in  the  lower  part  of  the  gorge  were  so 
keep  and  so  close  together  that  we  were  unable  to  get  even  a  glimpse 
if  the  stream.  The  accompanying  sketch  will  convey  a  clear  idea  of 
tie  appearance  of  this  interesting  cafion. 

Turning  to  the  south  along  the  brink  of  the  cafion,  a  march  of  20  miles 
Woaght  us  to  a  point  where  I  had  crossed  in  1875.  On  the  second  day 
Ulowing,  Mr.  Wilson  reached  and  made  a  station  on  Lone  Cone,  and  on 
tbe  same  evening  reached  the  main  camp,  which  had  been  made  on  a 
tranch  of  the  Kio  San  Miguel.  Meantime  I  had  gone  on  in  advance  of 
Kr.  Wilson  and  made  some  hasty  examinations  in  the  Central  or  Dolores 
ponp  of  the  San  Miguel  Mountains.  Thus  completing  within  a  period 
if  84  hours  the  examination  of  two  important  mountain  groups,  distant 
torn  each  other  fully  100  miles.  This  great  haste  was  necessitated  by 
^amstances  over  which  we  had  no  control. 

SAN  HIQUEL  MOUNTAINS. 

The  San  Miguel  Mountains  lie  in  the  extreme  northeastern  comer  of 
^  district  assigned  to  me  in  1875,  and  on  the  divide  between  the  waters 
tf  the  Animas  and  Upper  Dolores  on  the  south,  and  the  Bio  San  Miguel 
^  the  north.  They  constitute  a  pretty  distinct  group,  the  most  westerly 
4  the  San  Juan  system  of  mountains,  and  form  the  extreme  western 
*Dgle  of  the  great  Colorado  highland.  There  are  three  distiuct  groups, 
^  eastern  one  being  the  principal ;  of  this.  Mount  Wilson  is  the  chief 
taodit,  and  *^  Lizard's  Head''  the  most  easterly  summit.  This  group  is 
l^rated  from  the  Middle  or  Dolores  group  by  a  low  saddle  which  has 
2^1)  produced  by  the  meeting  of  the  headwaters  of  the  Dolores  and  a 
huich  of  the  San  Miguel  from  opposite  sides.    Dr.  Endlioh  visited  the 
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eastern  group  in  1875^  and  baa  described  its  structure  in  tbe  report 
that  year.    Tbis  is  cue  of  tbe  finest  groups  of  summits  in  tbe 
Mountains,  and  viewed  from  tbe  nortb  presents  a  magnificent  panora 
The  geologic  structure  of  the  western  half  is  quite  simple.    All  of  t 
portion  of  tbe  summits  that  rises  above  1,200  feet  is  of  trachyte.    T 
is  underlaid  by  Cretaceous  shales,  in  a  horizontal  position.   Interl>ed< 
with  tbe  shales  are  a  great  number  of  sheets  of  trachyte.    These 
somewhat  variable  in  thickness  and  manner  of  occurrence,  and 
to  decrease  in  number  and  importance  in  descending  fi*om  tbe  m 
trachyte  mass. 

The  divide  between  the  eastern  and  middle  groups  has  an  altitude 
11,500  feet,  and  seems  only  to  be  preserved  at  its  present  height  b 
lieavy  bridge-like  mass  of  trachyte,  which  connects  across  from  g; 
to  group  and  prevents  the  degradation  of  the  soft  shales  beneath, 
the  heads  of  the  valleys  nortb  and  south  of  this  divide  there  is  a  si 
cession  of  irregular  shelves  or  steps  produced  by  outcropping  edges 
sheets  and  masses  of  trachyte. 

The  Dolores  group  is  a  small,  compact  duster  of  summits,  a  num 
of  which  rise  to  the  height  of  13,000  feet.    From  the  central  peak  th 
narrow  crests  radiate,  one  to  the  north,  one  to  the  east,  and  tbe  ot 
to  tbe  southwest.    Dolores  Peak  is  the  outer  point  of  the  eastern 
and  is  directly  connected  by  tbe  saddle  mentioned  above  with  tbe 
son  group.    The  geological  structure  is  identical  with  that  group, 
northern  arm  falls  off  abruptly  to  the  north  and  terminates  in  a  sh 
trachytic  butte  which  overlooks  the  cafion  of  the  Rio  San  Miguel, 
southwest  arm  connects  with  the  low  masses  of  the  Lone  Cone  groi 
The  conical  peak  called  Lone  Gone  is  a  very  prominent  landmark,  ov 
looking,  as  it  does,  all  the  great  plateau  region  to  the  south  and  w 
The  summit  rises  to  the  height  of  12,500  feet,  and  in  shape  resembi 
triangular  pyramid.    The  pyramidal  part  is  a  bare  mass  of  grayish 
chy te,  which  rests  on  a  base  of  horizontal  shales.    On  the  southeast 
northeast  sides;  tbe  shales  have  fallen  away  from  beneath  the  trach 
so  that  vertical  faces,  from  100  to  200  feet  in  height,  have  been  for 
by  the  breaking  down  of  the  trachyte.    On  the  west  tbe  long  sli 
of  trachytic  d6br%8  make  the  summit  easily  accessible.     The  sb 
about  the  base  of  the  pyramid  seem  to  be  somewhat  metamorph 
and  there  is  doubtless  considerable  interbedded  trachyte,  but  a  de 
growth  of  pine  timber  completely  covers  the  middle  slopes  and  m 
investigation  very  difficult. 

From  the  southeast  angle  of  the  pyramid  a  high,  timbered  ridge 
tends  out  to  the  most  southerly  summit  of  the  group.  Tbis  peak 
conical  in  shape,  but  is  inferior  in  height  to  Lone  Cone.  The  sum 
is  of  trachyte,  but  the  timber  reaches  so  high  that  the  shales,  whi 
very  probably  lie  beneath,  are  not  visible.  In  tbe  ridges  or  saddl 
which  connect  this  point  with  the  Dolores  group  and  Lone  Cone  the 
are  occasional  outcrops  of  shales  and  trachytes,  as  in  the  saddle  b 
tween  the  Dolores  and  Eastern  groups.  South  of  tbis  point  there 
another  large  mass  of  trachyte,  the  relations  of  which  to  the  surronu 
ing  rocks  I  could  not  clearly  make  out.  Tbe  trachyte  caps  two  lo 
massive,  partially  severed  ridges,  that  extend  down  toward  tbe  Dolorc 
From  the  south,  as  seen  in  1875,  it  seems  to  rest  upon  the  Lower  Ci 
taceous  sandstones,  and  probably  at  the  southeast  upon  the  Ked  Bee 

Thus  it  appears  that  tbe  San  Miguel  Mountains  comprise  at  least  fi  J 
nearly  distinct  masses  of  trachyte,  four,  at  least,  of  which  rest  upa 
horizontal  Cretaceous  shells,  and  at  a  uniform  level  above  the  sea.  1 
seems  probable,  thereforci  that  they  all  belong  to  the  same  flow,  whic| 
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may  have  had  its  soarce  far  to  the  east.    There  seems  at  least  to 
ID  evidence  of  vertical  flow  or  intrasions  in  the  western  portions  of 
mountains.    The  trachyte  is  uniformly  gray  and  compact,  and, 
rising  above  timber-line,  weathers  into  the  usual  gothic  forms, 
le  streams  ^which  head  about  the  summits  descend  in  all  cases 
Lgb  the  Cretaceous  shales,  and  at  the  immediate  bases  of  the  mount- 
reach  and  penetrate  the  hard  sandstones  of  the  Lower  Cretaceous, 
thas  the  canons,  which  can  be  traced  by  the  eye  far  out  into  the 
sanding  plains  and  plateaus,  have  their  beginning.    To  the  eye,  a 
lovely  region  than  that  about  these  mountains  cannot  be  found. 
steeper  slopes  are  covered  by  a  dense  growth  of  pine  forest,  and 
igentler  slopes  below  by  fine  aspen  forests,  interspersed  with  many 
>iike  openings  in  which  grass  and  flowers  grow  luxuriantly. 

BEAS  BIVEB  KOUNTAINS. 

Boatli  of  the  San  Miguel  Mountains,  and  on  the  divide  between  the 
and  west  branches  of  the  Dolores,  there  is  a  group  of  low  mount- 
hills  in  which  there  has  been  considerable  disturbance  of  the 
A  number  of  the  higher  points  are  capped  by  trachyte  and 
r±ed  by  dikes.    Strictly  speaking,  this  little  range  is  but  a  frag- 
t  of  the  great  mountain  system  to  the  east,  from  which  it  has  been 
by  the  great  valley  of  the  South  Dolores  or  Bear  Biver.    In 
5  Dr.  Cndlich  examined  the  high  region  to  the  east  and  found  it  to 
cbiefly  Carboniferous.    He  failed  to  recognize  the  Jurassic  and  Trias- 
formations,  and  therefore  makes  the  Lower  Cretaceous  strata  rest 
n  tlie  Carboniferous.    Although  I  cannot  be  positive  on  this  point, 
confident  that  strata  representing  these  ages  occur  all  along  the 
n  of  Bear  Biver,  and  extend  to  the  summits  of  the  Bear  Biver 
ntains,  although  they  are  certainly  neither  equal  in  thickness  to 
so  characteristically  marked  as  in  the  cafions  farther  south  and 

[On  the  south,  west,  and  north  the  Mesozoic  rocks  rise  to  the  summits 
the  Bear  Biver  Mountains ;  on  the  south  and  west  they  soon  sink 
leatb  the  floor  of  the  great  plain,  and  to  the  north  pass  by  a  gentle 
.  beneath  the  San  Miguel  Mountains. 

(the  eastern  portions  of  the  group  seem  to  be  composed  of  Garbonif 

I)ia8  rocks,  at  least  2,000  feet  of  which  are  exposed  between  the  sum 

ka  and  the  bed  of  Bear  Biver. 
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ON  THE  ERUPTED  ROCKS  OF  COLORADO. 


By  F.  M.  Eni>ligh,  D.  N.  S. 


CHAPTER   I. 

INTEODUCTION. 

Bxnee  the  earliest  times  the  attention  of  observers  has  been  directed 
to  those  peculiar  moantains  which,  io  the  language  of  Pliny,  *<  send 
ibrth  fire,  smoke,  and  rocks,"  Active  volcanoes  first  led  to  speculations 
as  to  the  interior  of  the  earth,  as  to  the  conditions  existing  beneath  the 
lolid  exterior  crast.  Study,  developing  gradually  from  amid  the  mytho- 
logical and  fabulous  legends  of  medisDval  times,  be^an  to  compare  the 
TarioQs  occurrences  known  to  those  who  were  considered  the  masters  of 
acience  and  the  magic  arts.  With  the  great  era  that  dawned  in  the 
tioieof  LinnsBua,  the  recognition  and  application  commenced  of  such 
featares  as  seemed  more  or  less  correlated.  Hypotheses  were  formed 
upon  various  subjects,  theories  expounded,  and  life  was  infused  into 
what  heretofore  had  merely  been  regarded  as  meaningless  forms  or  the 
accidents  of  a  direct  creation. 

In  the  course  of  time,  after  the  famous  and  severe  struggle  between 
Neptanists  and  Plntonists  had  commenced,  the  rocl^s  composing  mount- 
ains and  ranges  were  subjected  to  more  critical,  examination.  The  an- 
alogous results  were  pointed  out,  as  demonstrated  by  groups  of  varied 
occurrence,  and  from  these  results  were  drawn  conclusions  based  upon 
the  observations  of  existing  phenomena.  It  was  recognized  that  where 
now  nothing  but  rigid  rocks  were  found,  there  had  been  at  one  time  the 
most  violent  demonstrations  of  force.  Where  rivers  flowed  and  lakes 
placidly  reflected  surrounding  hills,  fire  and  accompanying  heat  had 
once  reigned  supreme.  Then  the  path  was  indicated  that  in  future 
scientific  research  should  follow,  a. definite  direction  was  given  to  the 
investigating  mind,  and  reasoning  from  the  known  to  the  unknown  was 
slowly  developed. 

In  Europe,  the  cradle  of  our  present  sciences,  the  first  important  re- 
sults were  obtained,  and  to  men  like  Buch,  Werner,  Beudant,  Herschel, 
and  others  are  we  indebted  for  the  initiation  of  many  ideas  with  regard 
to  the  earth's  former  history  that  they  obtained  from  the  study  of  what 
before  their  time  had  been  but  a  sealed  book  of  mystery. 

In  every  portion  of  the  world,  so  far  as  hitherto  explored,  the  evi- 
dences of  volcanic  activity  have  been  found.  Our  limited  knowledge 
permits,  as  yet,  of  no  systematizing  of  their  horizontal  distribution. 
Bven  of  the  existing  volcanoes  we  can  say  but  little,  save  that  they  oc- 
cur in  the  vicinity  of  present  shore  lines.  Inferring  from  this,  we  can 
Mnme  that  the  same  conditions  existed  at  the  times  when  the  enor- 
nioas  masses  of  volcanic  material  were  ejected  in  regions  that  now  are 
&r  inland. 

Krupted  material  is  by  no  means  confined  to  any  one  geological  epoch. 
1%e  appearance  of  liquid  or  plastic  masses  upon  the  surface  ot  the  earth 
Itas  occurred  since  the  earliest  times,  since  the  formation  of  a  rigid 
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crnst.  Evidence  shows  that  daring  every  one  of  the  accepted  geologieal 
periods  rocks  have  been  ejected  through  the  solid  strata,  and  haviii| 
found  their  way  to  the  sarface,  have  been  productive  of  changes  charao* 
teristic  in  every  respect.  Geognostically  and  lithologically  sach  foraiA< 
tions  can  readily  be  distinguished.  Their  mode  of  occurrence,  the  dis^ 
tiuctive  features  of  their  form  and  distribution  are  unmistakable,  should 
even  the  lithological  or  mineralogical  constitution  afford  no  direct  prod 
of  their  origin.  In  intimate  connection  with  the  genesis  and  stractnni 
peculiarities  of  volcanic  masses  is  the  effect  they  produce  upon  tJie 
topography  or  orography  of  any  given  region.  Their  presence  may  be 
surmised  from  the  configuration  of  the  country,  from  the  detail  features 
of  mountains,  and  other  exterior  forms.  Three  groups,  mainly,  may  be 
distinguished  from  the  stand-point  of  a  topographer:  those  forming 
isolated  peaks  or  groups  of  peaks;  those  forming  mountain  chains  and 
ranges;  and  the  most  complete,  those  forming  extensive  highland 
plateaus.  Each  of  these  is  referable,  within  certain  limits,  to  certain 
classes  of  eruptive  rocks,  and  thus,  the  exterior  appearance  will  furnish 
a  suggestion  as  lo  the  material  composing  any  one  of  the  groups  men* 
tioned.  Great  variations  naturally  occur  from  any  one  rule  that  might 
be  laid  down,  and  a  systematic  arrangement  based  upon  distinctions  of 
this  kind  must  necessarily,  therefore,  be  but  imperfect. 

Not  only  for  the  geologist  and  topographer  are  these  erupted  masses 
of  direct  importance,  but  also  for  the  miner  and  agriculturist.  Discov- 
eries and  observations  have  developed  a  knowledge  of  certain  facts  in 
connection  with  the  occurrence  of  masses  belonging  to  this  group,  that 
demonstrate  the  value  of  acquaintance  with  them  for  one  interested  iu 
economic  features.  Mines  of  great  magnitude  and  wealth  have  been 
found  within  their  limits,  both  iu  Europe  and  on  this  continent.  Al- 
though geological  science  is  but  young  as  yet,  the  knowledge  gained 
has  been  aptly  applied,  and  we  have  learned  to  utilize  even  the  small 
amount  we  posess  to  tne  greatest  possible  advantage.  It  is  evident, 
therefore,  that  the  more  thorough  recognition  of  every  feature  connected 
with  such  a  class  of  rocks  will  furnish  additional  information  that  may 
directly  be  applied  in  the  process  of  supplying  our  wants.  Thus  the 
agriculturist  has  learned  that — conditions  of  climate  and  elevation  be- 
ing not  unfavorable — he  can  successfully  draw  revenue  from  soil  result- 
ing from  certain  rocks,  while  others  will  claim  by  far  more  of  his  atten- 
tion and  labor. 

In  the  subjoined  pages  all  questions  pertaining  to  the  origin,  dis- 
tribution, general  and  special  features  of  the  volcanic  formations  of 
Colorado  shall  be  considered.  Wherever  requisite,  for  the  purpose  of 
clearer  understanding,  comparisons  have  been  instituted  with  the  anal- 
ogous or  identical  formations  of  other  regions,  which  in  part,  at  least, 
have  been  more  thoroughly  studied  than  those  to  which  this  paper  is 
devoted.  Colorado  offers  more  favorable  points  of  discussion,  perhaps, 
than  any  other  region  of  the  United  States,  and  as  four  years'  work 
there  has  brought  me  into  constant  contact  with  the  consideration  of 
volcanic  groups  of  that  State,  I  shall  endeavor  to  present  as  complete 
a  synopsis  of  their  entire  character  as  my  investigations  enable  me  to 
prepare.  The  survey  of  the  State  is  finished,  the  distribution  of  geo- 
logical formations  thronghout  its  entire  area  is  known,  and  this  treatise 
is,  therefore,  presented  as  a  review  of  one  of  its  most  interesting  classes 
of  rocks. 

Using  the  more  comprehensive  term,  erupted  masses,  it  becomes  a 
matter  of  some  difficulty  to  draw  the  line  of  distinction.  Where  origi- 
nal metamorphic  rocks  end  and  those  brought  to  the  surface  by  eruption 
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^iD,  is  freqaently  almost  impossible  to  determiue.  Takiog  the  view 
irbich  preseuts  metainorphic  rocks  as  the  resaltante  of  the  actioa  of  heat 
flpon  origiaally  sedimentary  deposits,  an  action  often  accompanied  by 
digtarbances  of  position,  the  deBnite  line  between  them  and  tmly  ernpt- 
ke  rocks  cannot  so  readily  be  recognized.  As  a  rule,  it  may  be  stated 
that  all  those  rocks  are  to  be  considered  as  ernptive  which  break  tbroagh 
mr  are  ejected  through  fissures  in  rigid  strata  or  masses,  and  either  reach 
the  snrface  or  remain  bidden  beneath  it.  The  latter  case  includes  the 
pbenomeDon  of  intruBion,  which,  however,  occurs  more  particularly  la 
sedimentary  formatioQs.  Within  them  the  difference  of  regularly  de- 
posited and  eruptive  material  is  by  far  more  evident  than  in  the  former 
iiiBtance.  Although  the  strata  of  sedimentary  beds  may  have  assumed 
uij  position,  any  angle  of  inclination,  theintrngion  or  ejection  of  ernpted 
rock  is  always  sufficiently  characteristic  to  be  recognized,  IxttU  by  the 
different  constitution  of  the  rock  and  by  the  result  of  the  forms  produced. 
Here,  too,  as  in  the  jireceding  case,  the  erupted  rocks  may  reach  the 
snrface  or  may  only  reach  within  a  certain  distance  of  it.  Erosion,  in 
the  latter  instance,  not  nnfrequently  discloses  tbem.  If  they  have 
reached  beyond  the  exterior  limits  of  the  sedimentary  beds,  their  pres- 
ence is  generally  indicated  by  the  formation  of  isolateil  bills,  mduot- 
ains,  mountain  gronps,  or  plateaus.  Thus  a  ready  recognition,  sepa- 
rating them  from  tbeir  surronodings,  is  established. 

It  lies  in  the  natnre  of  the  subject  that  we  shoald  find  almost  innn- 

merable  varieties  representing  this  class  of  rocks,  and  investigations  have 

tlins  far  supplied  ns  with  an  ample  listof  names.    In  mode  of  occurrence, 

in  age,  and  in  lithological  character  the  erupted  rocks  differ  greatly  among 

;   themselves,  and  to  these  features  is  dne  the  large  number  of  speciflcdis- 

j   tinctions  that  have  been  made.    As  a  rule,  it  may  be  stated  that  the 

i  older  eruptives  differ  more  from  the  metamorphics  in  their  chemical  oa- 

I   taietban  some  of  the  younger  ones.    A  mMamorphic  series  is  merely  the 

altered  representative  of  some  distinct  group  of  beds,  wbile  an  ernptive 

I  oue,  although  it  may  be  bnt  the  same  gronp,  is  so  thoroughly  changed  by 

fusion  and  snbseqnent  cooling,  that  every  vestige  of  its  former  physical 

;   condition  is  obliterated.    Id  metamorphic  groups  stratificiitioii  may  in 

■   part  be  preserved,  the  differences  indicating  origin  from  mineralogicaliy 

I   separable  beds  may  be  noticeable,  but  an  erupted  rock  is  usually  so 

'<   thoroughly  and  uniformly  remodelled,  that  no  clue  to  its  original  condi- 

1   tiuo  can  be  obtained  from  a  study  of  its  physical  character  only.    It  is 

I   impossible  to  draw  anylineof  distinction  wbich  would  divide  the  entire 

'■   series  of  eruptives  into  appropriate,  well-defined  gronps.     Bunsen  has 

i   attempted  a  primary  classification  (to  be  alluded  to  below),  bnt  it  is 

I   certainly  insufficient.     At  best,  they  can  t>e  said  to  belong  to  one  grand 

I   division  of  the  geological  history  of  onr  earth,  supplying  oue  important 

;   factor  in  the  formation  of  its  crust,  and  fulfilling  a  definife  mission  as 

i   legards  its  exterior  snrface.    For  systematic  purposes  it  is  requisite, 

however,  to  adopt  some  basis  of  separation,  even  if  artificial,  and  for  that 

parpose  we  can  scarcely  find  one  answering  as  well  as  the  chemical. 

Without  drawing  the  lines  too  closely,  a  chemical  primary  classifi- 
cation has  a  more  or  less  direct  bearing  upon  one  very  important  ques- 
tion, viz,  that  tonching  the  genesis  of  the  erupted  masses.    Although 
;    bj  no  means  sufficiently  indicative  of  any  one  method  of  operation,  the 
:   results  aa  famished  as  by  chemical  examination  afford  indirect  hints 
'  at  least  as  to  the  character  of  the  agents  employed  in  the  generation  of 
:   eruptives.    So  far  as  onr  observations  extend,  tbeir  present  existence 
is  attributable  to  oue  main  cause.    This  cause  is  beat.    Kot  only  do  we 
I   hifer  this  from  the  demoostratious  accompanyiDg  etnptioos  of  the  preu- 
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ent  day,  bat  the  knowledge  of  the  chemical  changes  effected  in  varioiiA| 
compoands  by  heat  jastifles  the  assertion.  In  spite  of  the  common  ongrop 
as  to  this  one  factor,  the  differing  character  of  the  original  anfnsed  m«H 
terial,  and  more  partiealarly  the  resnlts  produced  by  various  methodii 
of  cooling,  have  supplied  us  with  so  many  specifically  distinct  ocetiF>i 
rences. 

In  speaking  of  the  origin  of  emptives  these  features  will  be  more  thor! 
oughly  discussed  and  instances  referred  to  where  they  directly  apply 

GLA88IFI0ATI0N. 

At  all  times  it  is  a  matter  of  difficulty  to  arrange  any  satisfactoiy 
lithological  classification.    This  is  more  particularly  the  case  when  we 
deal  with  eruptive  rocks.    The  means  at  our  disposal  whereupon  to  baaa 
any  definite  system  are  limited,  and  in  several  instances  unsatisfactory. 
At  first  sight  a  chemical  basis  appears  very  acceptable,  not  only  for  the 
primary,  but  also  for  minor  divisions.     It  is,  however,  open  to  tke 
objection  that  in  many  cases  it  would  be  requisite  to  make  analyses  be- 
fore being  able  to  decide  as  to  the/species  of  rock  under  consideration. 
Among  the  best  systems  offered  is  that  used  by  Gotta.*    He  accepts 
Bunsen's  primary  division  into  basic  and  octdto  rocks,  and  determines 
the  S|)ecies  of  each  group  in  accordance  with  its  mineralogical  constita- 
tion.    This  method  furnishes  the  means,  first,  of  a  definite  ultimate 
arran^gement,  and,  secondly,  of  determining  at  once  the  precise  position 
occupied  by  the  Specimen  under  examination. 

It  would  seem  that  a  classification  based  npon  the  geological  age  of 
the  rocks  might  prove  serviceable.  One  main  and  decided  objection, 
however,  asserts  itself  in  the  difficulty  of  determining  this  age  in 
many  instances.  Were  we  in  the  possession  of  all  the  necessary  data 
a  system  could,  no  doubt,  be  constructed  that  would  answer  admirably 
well.  It  would  necessitate  the  distinction  into  species  utterly  irrespect- 
ive of  genetic  or  mineralogical  affinities,  however,  and  probably  create 
more  confusion  than  benefit.  Of  late  years  the  microscope  has  been  of 
great  service  in  determining  lithological  species,  more  particularly  those 
belonging  to  the  eruptive  class.  Under  the  skillful  management  of 
Zirkel  this  methoil  has  achieved  a  reputation  justly  earned  by  its  excel- 
lent results.  In  spite  of  its  correct  interpretation  and  by  far  more  acca- 
rate  discrimination  than  any  ot^er  means  will  supply,  its  very  general, 
application  for  classificatory  purposes  will  remain  limited.  The  prepa- 
ration of  the  rocks  before  the  examination  can  take  place,  the  transpor- 
tation of  instruments,  and  the  comparatively  large  u*Jiount  of  practice 
required  for  the  successful  completion  of  work  will  prevent  this  method 
from  becoming  the  basis  for  a  universally  accepted  classification  of 
rocks. 

Of  all  the  means  at  hand,  therefore,  the  one  adopted  by  Gotta  an- 
swers best  for  our  purposes,  and  it  is  with  special  reference  to  his  gen- 
eral system  of  classifying  (without  adhering  strictly  to  his  arrangement) 
that  the  rocks  in  question  shall  be  treated  of  below. 

Europe  exhibits  a  number  of  typical  localities  where  volcanic — ia 
contradi^stiuction  to  plutonic — rocks  occur.  It  is  a  few  only  of  tbem 
that  enter  into  consideration  here.  The  generally-adopted  applicatiou 
of  names  to  European  lithological  groups  is  conformable  with  our  own, 
with  the  exception  that  our  groups  are  by  far  more  varied ;  hence  di- 
vision and  subdivision  more  thoroughly  carried  out.  There,  as  here 
(speaking  of  Colorado   more   especially),  the  trachytic  and  basaltic 

*  Geologie  der  Qegenwart,  LMpsig,  1872,  p.  20. 
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P6  are  the  most  important    In  France  the  monntains  of  the  Aa>- 
ne  regioQ  are  composed  of  trachyte;  in  Central  Germany  the 
henfela  groap^  formed  by  the  same  rock,  has  become  famous;  and 
basalts  along  the  Rhine  and  some  of  its  tributaries  are  well  known, 
wanl  tbe  eastern  portion  of  Germany,  traohytic  series  again  occnr, 
noting  their  presence  by  the  formation  of  isolated  hills  or  mount- 
groups.     The  ^^Yogelgebirge"  of  Hessia  and  the  isolated  outcrops 
ghoat  Southern  Germany  belong  to  the  Basaltic  •era.    To  the  la^ 
r,  also,  we  count  the  volcanics  of  the  British  islands  and  of  Sweden 
id  Norway. 

:  Showing  closer  affinities,  perhaps,  than  the  volcanic  groups  of  any 
lather  region,  with  those  of  Colorado  and  the  Bocky  Mountains  gener- 
^y,  are  those  of  Transylvania.  Richthofen,  whose  study  of  our  west- 
"Wn  country  has  been  productive  of  such  excellent  results,  has  given  his 
^itiention  to  the  volcanics  of  that  country,  and  to  him,  besides  in  a  great 
aeasoDe  to  Beudant,  we  owe  the  knowledge  of  an  existing  similarity 
hetwe^i  the  two.  * 

In  a  general  way,  it  is  possible  to  correlate  the  volcanics  of  the  two 
contineDts.  In  North  America,  however,  we  find  all  the  features  repre- 
sented on  so  grand  a  scale  that  direct  comparison  will  furnish  but  nn- 
:  satisfactory  results.  In  variety  of  forms  produced,  and  variations  of 
eoDstitutions  exhibited  by  volcanics,  our  North  American  are  unique, 
though  not  entirely  distinct  from  the  European.  We  deal  with  broader 
Meas,  with  phenomena  produced  on  a  very  large  scale,  and  the  dift<dP- 
^oe,  first,  between  foreign  occurrences,  and,  secondly,  among  the  North 
Ammcan  volcanics  themselves,  is  proportionate  thereto. 

From  the  comparatively  incomplete  observations  that  are  at  our 
eommand  at  the  present  time,  respecting  the  volcanic  formations  of  the 
western  portion  of  our  continent,  we  are  enabled  to  say  that  our  series, 
speaking  from  an  evolutionary  stand  pointy  is  by  far  more  complete  than 
the  European.  It  is  in  the  West  but  a  step  from  tbe  prehistoric  to  the 
active  volcanoes,  while  east  of  the  Atlantic  the  ditference  is  strongly 
marked.  While  we  are  often  in  doubt  whether  an  occurrence  of  scoria 
CNT  lava  may  be  even  more  than  a  few  hundred  years  old,  the  former 
yolc^noes  in  the  interior  of  Europe  present  a  more  ancient  type,  remind- 
ing less  of  the  characteristic  material  that  composes  and  issues  from 
volcanoes  of  to-day.  It  is  this  comparative  com[)leteness  of  our  series 
that  produces  the  difficulty  in  devising  any  thoroughly  satisfactory  sys^ 
tem,  which  will  not  only  define  the  numerous  lithological  varieties,  but 
al  the  same  time  bear  distinct  and  definable  relations  both  to  genesis 
ttiMl  age  of  the  rocks  thus  classified. 

As  proposed  by  Richthofen,*  the  classification  for  the  volcanic  rocks 
of  our  western  mountain-ranges  is  one  based  essentially  upon  their  age. 
Within  certain  limits  they  all  belong  to  a  comparatively  restricted  geo- 
logical period,  and  by  determining  their  relative  positions,  very  appli- 
cable data  can  be  obtained.  Both  in  Europe  and  America  certain  groups 
l^ave  been  recognized  as  bearing  definite  relations  to  each  other,  and  the 
determinations  made  on  both  continents  agree  very  well.  For  all  prac- 
tical purposes  the  system  as  introduced  by  Richthofen  certainly  an« 
Bwers,  and,  as  it  is  one  designating  minor  divisions,  it  can  be  utilized  in 
eoDjonction  with  any  more  or  less  artificial  classification  that  furnishes 
the  characteristics  for  primary  groups.  In  the  subjoined  pages,  there- 
fore, this  classification  shall  be  adopted  in  the  main,  with  such  addi- 
tions as  may  seem  to  be  required,  and  in  connection  with  a  primary 

diTlsion  based  upon  simple  chemical  constitutions.     . 

—  ^^-_^_^_^.^^_^_^^^^-^^--  —      ~~ — -^^-^— ^— ^^^— ^^^^^— ^— ^■^^^^^-^— 

•  Mem.  Cal.  Ac.  Sci,  1866.    Vol.  i,  part  ii. 
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OGCtJBBENOB   OF  YOLCANIO   BOCKS  ON   THE    NOBTH  AMEBIOAK   COM 

TINBNT. 

The  North  American  coDtinent  can  appropriately  be  separated  inti 
three  sections  for  oar  pnrposes — into  the  eastern,  middle^  and  westen 
divisions.  In  the  first  the  volcanic  oconrrenoes  are  sporadic,  limited  m 
to  extent,  and  all  or  nearly  all  belonging  to  one  period  or  relatively 
recent  age.  In  4he  second,  the  development  of  volcanic  activity  wai 
at  its  minimum.  Very  few  occurrences  belonging  to  that  groap  ol 
geological  history  have  taken  place  in  that  section,  and  wherever  foaiMl 
are  but  local,  and  of  no  importance  either  in  the  geological  series  or  to 
pographical  features  of  the  region  exhibiting  them.  Differing  from  botl 
of  these,  and  presenting  groups  of  the  utmost  interest  and  decided  varia 
tion,  is  the  western  section.  Beginning  with  the  Alaskan  peDinsalO) 
we  observe  volcanics  composing  portions  of  the  continent*  and  many  ol 
the  outlying  islands.  Throughout  the  mountainous  chain,  extending 
through  British  Columbia  southward  toward  the  United  States^  volcanic 
occurrences  have  been  observed.  Explorations  of  that  mountain  system 
are  wanting  which  would  furnish  us  with  sufficient  data  to  make  any  gen- 
eralizations whatever,  or  even  to  prevent  those  meager  data  obtainabto 
in  a  connected  form.  Within  the  area  of  the  United  States  we  are  more 
thoroughly  acquainted  with  the  occurrefices  of  volcanic  rock,  and  it  is 
to  the  writings  of  explorers  like  Hayden,  King,  Newberry,  Biebthofenp 
and  Whitney  that  we  are  indebted  for  our  knowledge  of  their  existence 
and  characteristics. 

Through  the  .Western  States  and  Territories  the  number  of  varieties 
exhibited  by  volcanic  eruptions  not  only,  but  also  the  enormous  hori- 
zontal extent  of  the  groups,  invite  study  and  investigation.  Owing  to 
the  comparative  completeness  of  the  series,  reaching  from  the  Plutonic 
eruptives  to  active  or  nearly  active  volcanoes  of  the  present  day,  they 
furnish  a  more  complete  record  of  the  history  of  volcanic  rocks  than 
any  other  region  thus  far  known.  In  the  heart  of  the  Rocky  Mountains 
we  meet  with  innumerable  exposures  of  the  older  groups,  which  are  re- 
placed by  younger  ones  as  we  proceed  west  and  south  toward  the  pres- 
ent shorelines.  In  California  there  are  basaltic  groups,  which,  accord- 
ing to  Whitney,  may  almost  be  regarded  as  still  active.  In  Utah  and 
Nevada,  Gilbert  has  found  regions  that  looked  remarkably  ^< fresh,"  and 
Powell  has  discovered  legends  among  the  Indians  referring  to  volcanic 
eruptions  during  historical  times. 

Southward,  bej'ond  the  boundary  of  the  United  States,  the  volcanic 
areas  continue  into  Mexico  and  Central  America.  As  we  approach 
their  shores,  we  find  that  the  formations  (volcanic)  are  younger,  until 
still  active  volcanoes  are  found.  This  state  of  things  continues  oQ 
through  the  Cordilleras  to  the  southern  end  of  South  America.  We 
have,  therefore,  in  the  Bocky  Mountains  of  the  United  States  an  areft 
of  exhausted  volcanic  activity.  Upon  observation,  it  will  be  found  that 
the  former  volcanic  outflows  and  eruptions  took  place  along  a  line  ap- 
proximately corresponding  with  the  present  shore-line  of  the  Pacific 
Ocean.  The  arrangement  of  our  mountain  ranges  is  essentially  a  north 
to  south  one,  and  associated  therewith  we  see  that  the  arrangement  of 
sedimentary  formations  is  parallel.  It  is  to  be  expected,  therefore,  that 
we  should  find  the  demonstration  of  volcanic  force  along  a  line  nearly 
parallel  to  that  of  maximum  sedimentation.  This  is  in  reality  the  case. 
Where  the  process  of  sedimentary  deposition  is  still  going  on,  we  ob- 

*  Dull,  Alaska  and  its  Resources,  1870. 
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terve  the  existence  of  the  yoongest  volcanic  activity,  reaching  to  the 
present  day.  The  Western  section  of  the  North  American  continent 
may  oonseqaently  be  subdivided  into  two  gronps,  into  the  ancient  and 
,Kcent  volcanic  Of  these,  the  former  may  be  regarded  as  existing  in 
tbe  Bocky  Mountains  proper,  while  the  second  comprises  those  portions 
•eoBtained  in  the  ranges  near  the  Pacific  Coast.  This  latter  series  is  the 
ene  that  extends  directly  sooth  ward,  and  finds  its  first  great  develop- 
aient  in  the  volcanoes  of  Mexico  and  Central  Americaft 

It  is  not  tbe  object  of  this  paper  to  discass  extensively  any  of  the 
eraptives  besides  those  of  Colorado ;  therefore  these  brief  indications  as 
to  distiibation  mnst  soffice.  We  have  in  Colorado  erupted  rocks  that 
belong  to  the  first  gronp.  Perhaps  no  section  of  the  Western  conntry 
is  so  well  adapted  to  the  study  of  volcanics  as  Colorado.  This  is  owing 
to  the  great  variety  of  rocks  exhibited  and  the  large  expanses  they 
cover.  Daring  the  four  years  occupied  by  the  survey  of  this  State,  all 
oeeorrences  there  have  been  thoroughly  studied,  and  we  are  enabted 
BOW  to  present  a  more  complete  synopsis  than  probably  can  be  furnished 
of  any  other  Territory  or  State.  In  the  subjoined  pages,  therefore,  the 
enipted  rocks  of  Colorado  are  the  main  subject  of  discussion,  and  only 
sach  cases  as  are  necessary  for  comparison  will  be  introduced. 

OGCUBBENGB  OF  BBUPTED  BOCKS  IN  OOLOBADO. 

Througbout  the  State  we  find  volcanic  rocks  distribnted.  In  part 
they  are  continaed  into  adjacent  Territories.  Taking  a  comprehensive 
view  of  all  tbe  groups,  both  lithologically  and  topogi:^pbically,  it  ap- 
pears that  Colorado  contains  occurrences  which,  all  taken  together,  form 
a  closed,  a  compact  series.  Whichever  volcanic  area  may  extend  be- 
yond the  limits  of  the  State,  or  whichever  group  of  characteristic  forma- 
tioDs  may  be  continued  into  either  New  Mexico  or  Utah,  we  neverthe- 
less find  its  most  important  portion  in  Colorado.  Very  justly,  therefore, 
the  volcanic  groups  of  the  State  may  be  treated  as  one,  representing 
typically  an  important  era  in  geological  history.  They  may  be  regarded 
as  chapters  of  the  book  which  is  commenced  and  finish^  within  the 
area  assigned  to  the  State. 

Distrilmtion, — During  the  progress  of  the  survey,  volcanic  rocks  were 
almost  everywhere  encountered.  Extensive  areas  were  found,  where  all 
other  formations  were  successfully  hidden  beneath  the  superimposed 
masses  of  volcanic  material.  Again,  the  latter  had  formerly  covered 
much  that  erosion  gradually  brought  to  light  once  more,  and  we  now 
aee  ft  in  isolated  particles.  Oronps,  whose  isolation  and  small  hori- 
zontal extent  is  a  leading  characteristic,  occupy  prominent  i)ositions  in 
the  landscape  of  Colorado. 

We  find  the  volcanic  exposures  along  the  various  mountain-ranges  of 
the  State  more  connected  than  elsewhere.  In  the  Front  Bange,  in  tha 
vicinity  of  Pike's  Peak,*  we  first  meet  with  extensive  volcanic  areas. 
Occupying  a  position  which  imposes  them  upon  the  granite  of  thai 
range,  they  form  for  some  distance  its  most  elevated  points.  Proceed- 
ing westward,  we  are  accompanied  by  volcanics  into  the  southern  end 
of  South  Park.t  Although  not  so  continuous  as  southwest  of  Pike's 
Peak,  the  areas  are  weH  defined  and  sufficiently  prominent  to  be  of  im- 
portance orographically.. 

Farther  north,  in  Middle  Park,  we  again  find  isolated  groups  of  vol- 
canic rocks.  I    In  the  vicinity  of  the  Hot  Springs  basaltic  outcrops  oc- 

*Bep.  U.  8.  Geol.  8nrv.,  1873,  p.  :ua         t  Bep.  U.  8.  Geol.  Sarv.^  1673,  p.  219. 

t  Bep.  U.  8.  Geol.  Sorv.,  187^  p.  162. 
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car,  alBO,  a  breccia,  referred  to  Dolerite.  From  Middle  Pork  soatbureal 
bot  few  volcanios  are  met  Tirithy  aa'ii  we  rep<eh  the  region  of  tbe  GroDl 
Mesa.*  In  the  Elk  MooDtalDS,  volcanic  rocks  of  the  greatest  ioteresi 
occnr.  Their  unique  character,  as  regards  both  constitation  and  sa» 
ciation,  claims  for  them  the  atmost  attention.  By  far  the  largest  ana 
is  that  of  the  IJncompahgre  and  the  San  Jnan  Mountains. t  Stretcbiag 
for  miles  and  miles,  they  there  present  a  perfectly  unbroken  surface. 
In  the  interminable  varieties  that  have  there  been  produced,  and  in  the 
harmony  of  detail  arrangements,  we  have  a  series  that  may  justly  be 
compared  to  a  succession  of  sedimentary  beds« 

In  the  Sawatch  Bange,  in  the  Sangre  de  Gristo,  and  in  the  Wet 
Mountains,  we  have  areas  that,  although  isolated  now,  tend  to  show  a 
former  connection  over  a  large  expanse  of  country. 

As  typically  isolated  groups,  isolated  by  virtue  of  their  genesis,  we 
may  regard  the  Spanish  Peaks,  La  Plata  Mountains,  Mount  Wilson, 
Sierra  Oarriso,  El  Late  Mountains,  Sierra  La  Sal,  and  Sierra  Abaja 
Although  the  latter  two  are  not  within  the  boundaries  of  Colorado,  they 
are  very  near,  and  are  possessed  of  the  same  characteristics  that  else* 
where  must  be  regarded  as  typical  for  certain  groups  of  Colorado. 

A  large  area  of  volcanic  formations  may  be  found  in  the  boutb  western 
and  southern  portion  of  San  Lais  Valley.  Though  directly  a  continoa- 
tion  of  the  same  formations  in  the  Southern  San  Juan  Mountains,  their 
appearance  in  so  great  a  mass  in  a  valley  is  noticeable. 

Local  outcrops  of  various  volcanic  formations,  ocenrring  in  the  form 
of  dikes  and  buttes,  are  frequently  found  throughout  the  State.  Sev- 
eral  of  the  sx>ecies  of  yolcanio  rocks  participate  in  their  formation,  and 
greatly  dependent  upon  their  composition  will  be  the  exterior  appear- 
ance  they  present.  ' 

From  this  distribution  it  will  beseen  that  the  bulk  of  Tolcanic  forma- 
tions  falls  into  Southwestern  Colorado.  Whereas  the  outlying  groups 
may  be  regarded  as  of  but  inferior  importance,  qualitatively,  we  there 
have  an  enormous  mass  of  the  material. 

As  might  be  expected,  the  distribution  of  volcanic  formations  within 
certain  areas  is  productive  of  definite  orographic  effects.  Dependent, 
to  some  extent,  upon  the  lithological  character  of  the  rooks  is  the  resolt 
observed.  Differences  of  such  constitution  must  be  sought  for  in  the 
physical  rather  than  the  chemical  nature,  and  proportionate  thereto  are 
the  distinctive  features  presented.  Wherever  volcanic  rocks  cap  either 
prozoici  or  sedimentary  formations,  their  vertical  limits  can  generally  be 
readily  distinguished.  As  a  rule,  if  superincumbent  upon  sedimentary 
beds,  they  are  a  protection  to  them  from  erosive  agents.  When  in- 
trusive, either  contbrmable  with  the  strata  or  across  them,  their  action 
is  frequently  a  preserving  one,  although  not  in  so  marked  a  manner  as 
in  the  former  instance.  In  connection  with  the  topographical  features 
as  modified  by  the  occurrence  of  volcanic  rocks,  we  find  those  pertain- 
ing to  the  drainage.  Non*sedimentary  and  sedimentary  formations  are, 
at  all  localities,  found  to  have  been  subjected  to  by  far  more  powerfully- 
acting  disturbing  agents  than  the  volcanics.  While,  therefore,  we  find 
the  latter  more  ^equently  in  an  undisturbed  position,  the  former  have 
been  removed  in  various  directions  from  their  original  places  of  depo- 
sition. This  mbst,  of  necessity,  produce  a  more  schematical  arrangement 
of  the  drainage  within  volcanic  areas.  So  far  as  observation  goes,  it 
shows  that  in  Colorado  the  volcanic  drainage  exhibits  a  more  radial  and 
spiral  type  than  can  be  found  within  the  area  of  any  other  class  of  roeks. 

*  Bep.  U.  S.  Qeol.  Sonr.,  1374.  t  Reps.  U.  &  Geol.  Bare.,  1873;  1874;  187&. 

t  See  p.  104. 
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t  homogeneoasness  of  the  oomponent  material,  and  its  more  regular 
gement  with  reference  to  nnder  and  over  lying  beds,  facilitate  the 
BtHHi  of  original  distribation  of  drainage.  Within  the  San  Juan 
Uncompahgre  Mountains  such  features  ean,  perhaps,  be  best  ob- 
ed.  There  the  great  horizontal  extent  as  well  as  the  vertical  dimen- 
iions  of  the  volcanic  rocks  have  afforded  the  most  satisfactory  oppor- 
'  lunities  for  a  typical  development  of  snch  features.  Generally,  too,  a 
Tolcanic  region  is  well  watered,  owing  to  the  comparative  impenetra- 
bility of  the  beds.  Incident  thereupon  are  promotion  of  vegetation  and 
formation  of  soil.  Exceptions  to  this  rule  are  certainly  not  wanting, 
ksst  of  all  in  gronps  of  high,  abrupt  mountains,  and  in  plains  where 
the  absence  of  water  has  not  permitted  vegetation  to  flourish. 

CLASSIFIGATION  OF  BBUPTED  BOCKS  IN  OOLOBADO. 

In  Colorado  by  far  the  greater  mass  of  volcanic  material  must  be  as- 
signed  to  one  geological  epoch.  This  epoch  is  divisible  into  two  periods. 
Making,  primarily,  this  distinction,  we  have  mode  the  first  step  to- 
ward a  classification.  Very  few  cases  only  were  found  where  erupted 
Biaterial  was  evidently  in  no  connection  whatever  with  that  of  the  ac- 
cepted epoch.  Isolated  occurrences  of  porphyritic  rocks,  older,  geo 
logically  spmking,  than  the  remaining  ernptives,  represent  these  cases 

Bnnmerating  the  erupted  rocks  of  Colorado,  beginning  with  the  old 
sst,  we  have  granite,  porphyry,  andesite,  trachyte,  rhyolite,  porphyri 
tie  trachyte,  dolerite,  and  basalt.  Separating  these  primarily  into  Bun 
sen's  divisions,  basic  and  acidic,  the  result  is  us  follows : 

Boiio.  Acidic. 

Diorite.  Oranlte. 

Euphotide.  Protoginyte. 

Porphyry.  Andesite. 

Dolerite.  Trachyte. 

Basalt.  •         Porphyritic  trachyte. 

Bhyolite. 

Of  these  the  diorite,  euphotide,  porphyry,  and  granite  must  be  classed, 
aeeocdtng  to  Cotto,  as  j»Iutoaic,  while  the  remainder  are  vokanic.  These 
two  primary  divisions  furnish  us  with  the  foundation  whereon  to  build. 
Pbr  the  western  acidic  volcanics  we  have  Bichthofen's  admirable  classi- 
ftcation.  He  separates  them  into  propylite,  andesite,  trachyte,  and 
riiyolite.  Four  years  ago*  I  comprised  all  of  these  under  the  term 
Trachorheites.  Subsequent  explorations  proved  the  existence  of  a  group 
totally  distinct  from  the  trachorheites.  It  is  separated  from  them  by 
its  mode  of  occurrence,  the  lithological  character  of  its  rocks,  and  by 
its  relative  position.  Dr.  Pealet  has  distinguished  it  under  the  name 
of  i)orphyritio  trachyte.  TrcLchyteporphyry  of  European  geologists, 
their  1iparite|  has  a  certain  resemblance  to  it,  but  diifers  in  many  essen- 
tial features. 

So  far  as  could  be  determined,  we  have  in  Colorado  no  propylite.  It 
is  possible  that  it  exists  there,  or  rather  its  representative,  but  either 
its  intimate  association  with  younger  volcanics  or  a  change  in  its  com- 
position has  rendered  it  nndistinguishable.    Andesite,  trachyte,  and 

*  Bop.  U.  8.  Geol.  Sonr.,  1»73.  t  Bulletin  U.  S.  Geol.  Surv.,  Vol.  iii.  No.  3. 

t  Cotto,  Goologie  der  GegenwDXt,  p.  54. 
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rh.Tolite  are  all  readily  recognized  wherever  met  with.  In  1874  I  subdi- 
vided trachyte  into  foor  groups.*  Of  the  basic  volcanic  prodacts  we  find 
only  dolerite  and  basttlt^  the  latter  represented  by  unmerons  varieties. 
A  synopsis  of  the  erupted  rocks  found  in  Colorado,  classified  primarily 
upon  chemical,  secondarily  a  genetic^  and  thirdly  upon  a  chronological 
basis,  beginning  with  the  oldest,  will  furnish  the  following  result: 

BASIC.  ACIDIC. 

Plutonic. 
]  Diorite.  Granite. 

Euphotide.  Protoginyte. 

Porphyry. 

Volcanic. 

Andesite, 
Trachyte. 
!  Trachyte,  1. 

Trachyte,  2. 
Trachyte,  3. 
Trachyte,  4. 
Dolerite.  Porphyritic  ti*achyte. 

Basalt  Bhyolite. 

1  It  seems  difficult  to  determine  the  relative  age  of  porphyritic  trachyte 

as  compared  with  rhyolite.  At  many  localities  the  one  seems  to  grade 
into  the  other.  I  am  not  aware  that  any  point  was  found  where  the 
two,  each  typically  represented,  were  in  contact.  From  all  analogies  I 
should  judge  them  to  have  been  erupted  at  very  nearly  the  same  time. 
At  one  locality,  perhaps,  a  rhyolitic  eruption  may  have  been  completed 
before  the  nearest  one  of  porphyritic  trachyte  took  place,  and  vice  versa. 
I  place  the  latter  immediately  after  trachyte,  for  the  reason  that  it  is 
less  acidic  than  rhyolite,  and  regard  its  definite  nf^e  with  reference  to  this 
class  of  rocks  as  not  fully  established.  Oenetically  it  should  be  removed 
from  the  trachyte  and  cede  its  position  to  rhyolite. 

The  classification  as  above  given  will  represent  all  the  erupted  mate- 
rial found  in  Colorado.  It  is  difficult  to  find  an  acceptable  basis  for 
division,  but,  it  seems  to  me,  that  for  this  State,  and  perhaps  others, 
the  arrangement  is  the  most  satisfactory.  Occurring  in  connection  with 
these  groups  are  rocks  that  have  frequently  been  regarded  as  indepen- 
dent representatives  either  of  definite  kinds  of  eruptive  activity  or  of 
characteristic  genesis.  I  allude  to  such  instances  where  obsidian,  per- 
lite,  pumice,  &c.,  have  not  been  regarded  as  minerals  merely,  but 
have  been  designated  as  rock-species.  Their  presence  or  absence 
certainly  is  of  importance  considering  the  circumstances  attendant 
upon  the  genesis  of  the  rocks  they  are  associated  with. 


J 


CHAPTER  II. 

PLUTONIC  ERDPTIVBS. 

BASIC  PLUTONIC  BBXTPTIVES. 

Diorite. — Within  the  metamorphic  areas,  more  particularly  of  the 
Front  Bange,  a  number  of  dikes  occur.  Traversing  the  granite  in  vari* 
ous  directions,  we  find  a  hornblendic  dike-rock,  closely  resembling  di- 
orite.    '*  It  is  composed  of  small  crystalline  particles  of  hornblende  and 

"^  Rep.  U.  S.  QeoL  Sorv.,  1874. 
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igoclase,  joined  together  rather  loosely,  witboot  the  slightest  intimation 
aflMrpma."*    Ko  definite  relation,  as  borne  bj  these  dii^es  to  the 
nnding  metamorphic  or  prozoic  rocks,  could  be  observed.    Withont 

lie  they  are  distribnted,  striking  in  a  definite  direction  within  very  cir- 
inscribed  areas,  but  in  no  farther  connection  with  each  other.    Proba- 

y  they  are  dikes  that  were  formed  catogeneonsly  at  the  time  of  meta- 

orphosis.    Their  mineralogical   composition  is  identical  with   that 
ally  accepted  for  diorite,  and  I  therefore  cite  them  as  such.    Similar 
many  characteristics  to  this  is  the  following  species : 

Evphotide, — In  the  vicinity  of  Mount  Ouray  this  rock  occurs.  It  is 
mposedt  of  a  dark-green  diallage  and  white  oligoclase.    Chlorite  and 

agnetite  are  accessories.  More  important  than  the  diorite,  thi:>  rock 
ilds  up  a  considerable  portion  of  the  Ouray  group.  It  is  intimately 
N»at6d  with  the  granite,  which  there  appears  to  be  the  younger  of 
I  two.  In  determining  toe  specific  position  of  any  of  the  hornblendic 
ks  within  a  metamor])hic  area  the  greatest  caution  is  requisite.  There 
bat  little  doubt  that  the  same  homblendic  rocks  that  we  now  can 
im  to  be  metamorphic,  may  have  been,  from  one  or  the  other  cause, 
ptive.    In  that  case  they  will  not  necessarily  present  any  distinguisli- 

>le  mineralogical  features,  but  the  method  of  their  association,  the  mode 
occurrence,  must  furnish  the  decisive  evidence.  Whenever  this  cannot 
obtained  from  such  characteristics,  the  identification  remains  qaes- 
cable.  We  may  have  before  us  instead  of  an  erupted  rock,  simply 
metamorphosed  product  of  one  of  the  earliest  sedimentaries.  XJu- 
i  therefore,  much  labor  and  time  should  be  spent  upon  this  class  of 
kg  in  Colorado,  I  cannot  conceive  that  any  satisfactory  results  will 
obtained.    At  best  their  horizontal  distribution  is  but  limited ;  in 

eir  detail  features  they  show  so  many  variations,  however,  that  the 

ost  elaborate  work  will  be  required  before  they  can  all  be  assigned  to 

rir  proper  places.  I  have  chosen  the  examples  of  diorite  and  eupho* 
e  as  the  best  determined  out  of  a  number.  Among  it  such  rocks 
gabbro,  hypersthene,  and  others  might  be  mentioned. 

Porphyry. — Very  few  occurrences  of  porphyry  in  Colorado  have  been 
ted.     The  most   important  and  best  known  porphyry  dike  of  the 

ate  is  that  at  Gold  Hill-I    On  either  side  of  this  dike,  which  traverses 
Dite,  is  located  a  remunerative  gold  mine.    Several  smaller  dikes  are 

QDd  within  a  short  distance  of  this  one,  but  are  of  minor  importance. 

feat  interest  uttaches  itself  to  this  occurrence  from  the  presence  of 

llariom  compounds  in  the  metalliferous  veins  adjoining  the  porphyry, 
parplish-gray  paste,  varying  to  greenish,  incloses  very  fine  crystals  of 

Idspar.  Orthoclase,  with  laminsB  of  oligoclase,  and  small  crystals, 
parently  of  microcliuite,  are  the  inclosed  minerals.  Another  por- 
yry  dike  was  observed  in  the  Sangre  de  Cristo  Mountains.§  This  has 
ken  through  Carboniferous  strata,  and  now  appears  near  the  summit 
a  high  peak  near  the  Crestones.    A  dense,  pink  matrix  incloses  small 

ystals  of  feldspar  and  dihexahedral  quartz. 

Near  Central  City  a  number  of  porphyry  dikes  occur.  ||  The  largest 
e  of  these  is  located  on  Quartz  Hill.    Several  of  the  others.  Bobtail, 

^Z^rjj  and  Mammoth  Hills,  show  similar  dikes  near  their  highest 
iuts.  Essentially,  the  rock  is  a  quartzose  porphyry.  Its  paste  is  very 
mpact,  light  green  to  yellow,  gray,  and  brown.    On  Gregory  Hill  very 

ue  crystals  of  orthoclase  are  contained  in  the  porphyry.    They  occur 

niple  and  as  Carlsbad  twins.    Owing  to  the  composition  of  the  paste, 

Rep.  U.  8.  Geol.  Sarv.,  l^Z,  p.  325.  $  Rep  U.  8.  Geol.  Surv.,  Iti73,  p.  328. 

tRep.  U.  8.  Geol.  8urv.,  1873,  p.  338.  ||  U.  8.  Rep.  Geol.  8arv.,  1873,  p.  281. 

;  Rep.  U.  8.  Geol.  Sarv.,  1873,  pp.  144, 686,  and  (588. 
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tbe  crystals  weather  out  very  readily.  Some  portions  of  the  i>orpbyiy 
contain  minate  crystals  of  hornblende.  All  of  these  dikes  are  in  con* 
tact  with  either  granitic  or  gneissic  rock.  No  marked  regularity  of 
course  can  be  observed. 

Taking  a  general  view  of  all  these  basic  plntonic  dikes,  they  are  foond 
to  have  a  number  of  features  in  common.    Usaally  they  occar  withool 
any  apparent  provocation,  several  of  them  form  a  small  gronp,  and  each 
member  of  this  gronp  agrees,  in  its  characteristics,  with  the  others.   As 
a  general  thing  their  strike  may  be  said  to  be  approximately  north  and 
soath.    Their  width  is  variable,  from  a  few  feet  to  several  hundred. 
Accessory  minerals,  such  as  feldspar,  garnets,  small  crystals  of  mag^  I 
netite,  pargasite,  and  others  are  contained  within  the  dike-rock.    WiA  j 
the  exception  of  the  one  instance,  all  these  dikes  are  associated  with  ! 
presedimentary  rocks.    Their  age,  therefore,  may  be  regarded  as  aa  j 
open  question.    My  impression  is  that  the  diorites  are  oldest,  the  por- 1 
pbyries  youngest. 

AOmiO  PLUTONIO  BBXTPnVES. 

Oranite.'^In  the  northern  part  of  the  Sangre  de  CristoEange  an  erupt- 
ive granite  occurs.*  It  is  readily  distinguished  from  the  older,  meta- 
roorphic.  Ortboclase  is  light  gray,  white,  and  yellowish ;  small  crystals 
of  oligoclase  are  dispersed  throughout;  quartz  is  colorless  or  milky 
white ;  the  mica  black,  sometimes  in  small  six-sided  crystals.  The  ap- 
pearance of  this  granite  upon  the  surtace  was  accompanied  and  proba- 
bly produced  by  the  demonstration  of  powerfully-acting  vertical  force. 
Carboniferous  beds  of  great  thickness  were  thrown  upward  so  as  to 
form  a  steep,  anticlinal  range.  In  the  centre  of  this  we  find  tbe  gn^nite. 
Its  relative  position  to  the  sedimentary  beds  is  constant  throughoat. 
No  cases  of  intrusion  were  observed,  or  even  the  formation  of  dikes 
within  the  unchanged  sedimentaries.  A  considerable  amount  of  meta- 
morphism  has  taken  place,  totally  changing  some  of  the  oldest  strata. 
North  of  Hunt's  Peak  and  south  of  Mosco  Pass  the  eruptive  granite , 
again  is  lost,  and  only  metamorphic  granites  are  found  in  other  portions 
of  the  range.  From  the  entire  character  of  the  range  it  would  appear 
that  the  disturbances  there  were  not  owing,  directly,  to  the  eruption  of 
the  granite,  but  that  the  latter  thereby  found  room  to  escape  upward. 

The  most  important  and  typical  occurrence  of  eruptive  granite  in 
Colorado  was  observed  in  the  Elk  Mountains.  Along  the  line  of  a  defi- 
nite axis  this  range  has  been  elevated,  appearing  ^'  to  be  an  example  of 
a  sudden,  violent,  or  catastrophic  action.^t  Granite  forms  the  central 
mass,  the  underlying  bulk  of  the  range,  while  the  sedimentary  beds, 
many  thousand  feet  in  thickness,  have  been  contorted,  overturned,  and 
broken.  Mr.  Holmes  has  published}  a  very  excellent  diagram,  repre^ 
senting  the  exposure  of  eruptive  granite  along  the  main  axis  of  the 
range.  From  this  it  appears  that  the  main  exposures  of  eruptive  granite 
occur  in  the  Snow  Mass  and  in  t^e  WhiteEock  groups.  Between  these 
two  the  granites  are  hidden  from  sight  by  the  contorted  sedimentary 
beds.  These  form  an  Sshaped  fold  here,  overlapping  from  the  east^ 
ward.  Probably  the  large  masses  of  sedimentary  strata  were  thoroughly 
broken,  and  finally  removed  from  the  localities  where  now  tbe  granite 
is  exposed.  Dr.  Ha^  den  says,§  ''  This  is  a  grand  illustration  of  an  erup- 
tive range.''  In  spite  of  tbe  violent  disturbances  to  which  the  sedi- 
mentary strata  have  here  been  subjected,  the  range  presents  essentiallj 
the  type  of  an  anticlinal.    Acting  along  a  definite  axis,  the  trend  of 

•  Kep.  U.  S.  Geol.  Surv.,  lH7:i,  p.  3-24.  X  Ibid.,  p.  70. 

t  Kep.  U.  S.  Geol.  Surv.,  1874,  p.  55.  $  Rep.  U.  S.  GeoLSorv.,  1874,  p.  55. 
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thieh  is  abont  northwest  to  soatheast,  the  graDites  hare  been  forced 
bpwardy  carrying  before  them  the  enormoas  mass  of  sedimentaries  sa- 
perinpo8ed«  By  studying  Mr.  Holmes's  admirable  sections  (Report, 
1874)  we  will  find  that  the  eroptive  granite  reached  the  surface  in  great- 
er qaantities  at  soch  points  where  the  vertical  dimensions  of  the  sedi- 
mentary beds  showed  their  smallest  development.  In  other  words, 
at  the  tK>int0  or  along  the  line  of  least  resistance.  A  large  number  of 
dikes  traverse  the  sedimentary  beds  adjoining  the  trachytic  areas.  Many 
of  them  are  undoubtedly  granitic;  others  appear  to  be  trachytic.  Of 
these  latter  Dr.  Peale  says,*  "  Some  of  them  would  probably  biB  proved 
to  be  trachytic,  but  I  am  of  the  opinion  that  if  they  could  be  traced  to 
the  granite  they  would  be  seen  to  grade  imperceptibly  into  it." 

Iq  mlneralogical  character  the  granites  of  the  Eik  Mountains  approach 
those  of  the  ^ngre  de  Cristo.  The  general  appearance  shows  a  white 
or  gray  color.  Orthoclase,  oligoclase,  quartz,  and  muscovite,  with  some 
biotite,  compose  the  rocks.  Associated  with  the  granites  of  the  range 
are  some  x>orphyries  and  diorites.  I  am  inclined,  however,  to  attach  but 
little  importance  to  their  presence,  as  they  probably  belong  to  the  same 
eniption  that  produced  the  elevation  of  the  range. 

We  have,  in  the  Elk  Mountains,  an  example  of  an  eruptive  range  that 
offers  the  most  favorable  opportunities  for  study.  Not  only  do  we  find 
the  granites  and  sedimentary  beds  in  direct  contact,  but  we  find  younger 
emptive  rocks  in  the  region  immediately  adjacent.  Although  perhaps 
not  in  absolute  local  connection  with  the  granitic  masses,  these  younger 
eniptives  stand  in  the  most  intimate  causal  relation.  They  belong  to 
the  series  of  trachorheites  and  will  be  discussed  below. 

From  Mr.  Holmes's  sections  it  apiiears  that  the  Middle  Cretaceous 
shales  have  actively  participated  in  the  folding  and  plication  of  sedi- 
meotary  strata.  From  the  Silurian  up  the  regular  succession  of  forma- 
tioDs-^as  characteristic  for  Colorado — ^is  repi*eseuted  in  the  £lk  Moant- 
ains.  All  these  have  been  subjected,  uniformly,  to  the  most  severe 
distorbances.  We  can,  therefore, from  this  evidence,  place  the  elevation 
of  the  range  into  a  period  very  near  the  close  of  the  Cretaceous  forma- 
tion. This,  at  the  same  time,  agrees  with  the  usual  experience,  which 
claims  for  the  greatest  eruptive  activity  in  Colorado  a  time  near  the 
eloseof  the  Cretaceous,  mostly,  however,  approaching  rather  the  Tertiary 
epoch. 

Od  Station  38  of  1873,  south  of  the  Gunnison,  an  occurrence  was  ob- 
Krved  that  I  am  inclined  to  bring  into  connection  with  the  eruptives 
of  the  Elk  Mountains.  Geologically  considered,  station  38  may  be  re- 
isarded  as  the  extrepae  southern  extension  of  the  Elk  Mountain  Range. 
Ibe  granite  there  is  associated  with  the  same  sedimentary  beds  as  in 
the  Elk  Mountains.t  We  have,  in  that  instance,  an  eruptive  granite, 
vhich  has  broken  out  through  a  great  thickness  of  sedimentary  strata, 
formed  a  high,  prominent  peak,  and  was  succeeded  by  an  ef  uption 
trachytic  lava.  The  force  which  permitted  the  protrusion  of  this 
mite  succeeded  in  forming  a  qnaquaversal  arrangement  in  the  sedi- 
ktary  strata.  In  litbological  characteristics  this  granite  agrees 
losely  with  that  of  the  Elk  Mountains  and  of  the  Sangre  de  Cristo. 
relative  position  to  older  formations  admits  of  no  doubt  as  to  its 
method  of  appearing.  So  far  as  could  be  determined,  the  time  of  this 
"anitic  eruption  fell  into  the  same  period  that  is  accepted  for  the  eleva- 
>n  of  the  Elk  Mountain  Bange  proper.  Isolated  occurrences  of  such 
mites  may  be  found,  but  they  are  of  no  considerable  extent. 

•  Rep.  U.  8.  Geol.  Snrv.,  1873,  p.  2C1. 

tEep.  U.  S.  Qeol.  Surv.,  1873,  pp.  337  and  340. 
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Protoginyte. — In  addition  to  the  granites  proper,  a  variety  very  near] 
related  to  it  was  observed  in  Colorado.    At  the  bead  of  Chalk  Creek 
very  interesting  rock  was  found  to  compose  several  high  peaks  of  tl 
Bawatch  Bange.*    In  my  report  upon  that  section  I  have  regarded 
as  porphyritic  protoginyte.    It  occupies  a  circumscribed  area  with  tl 
granitic  region,,  and  may,  perhaps,  be  regarded  as  a  granite  with 
substitution  of  mica  by  chlorite.    In  all  its  general  features  it  ch 
resembles  the  granite.    I  consider  it  expedient,  however,  to  mention 
here,  as  one  of  those  rocks  presenting  typically  the  character  of  an  eni| 
tive.    In  age  I  consider  it  synchronous,  or  very  nearly  so,  with 
granite  of  the  Sangre  de  Cristo.    A  crystalline  aggregate  of  orthoch 
oligoclaae,  quartz,  chlorite,  and  hornblende  constitutes  the  rock.    Oi 
clase  occurs  in  Carlsbad  twius,  inclosing  lamin»  of  white,  transpai 
oligoclase.    Crystals  of  the  latter  are  dispersed  throughout  the 
Quartz  is  gray  and  transparent ;  it  is  found,  partly,  in  fragment 
pieces,  partly  in  grains.    Chlorite  substitutes  the  mica  of  granitesi 
green  to  black,  and  occurs  in  fragments  and  small  crystals. 

*  Bep.  U.  S.  Geol.  Surv.,  Ib73,  p.  337. 
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VOLCANIC  EEUPTIVES. 

AGIDIO  YOLCANIO  ERUPTIYES. 

The  class  of  acidic  Yolcanio  eroptives  is  the  one  by  far  most  fully 
lepresented  in  Colorado.  To  it  belong  the  trachorheites  and  the 
porphyritic trachytes.  In  nsing  the  comprehensive  term  of  trachorheites, 
I  inelode  therein  all  that  uniform  series  of  massive  eruptive^  older  than 
the  porphyritic  trachjtes  and  add  to  it  the  rhyolite.  For  the  sake  of 
da8dfica.tory  convenience  the  rhyolite  will  be  enumerated  directly 
ifter  trachyte  No.  4,  thns  leaving  the  question  open  of  its  relative  age, 
88  oompared  with  porph^i^ritic  trachyte. 

It  has  been  mentioned  above  that  propylite  was  not  positively  recog- 
nized. This  rook  i3  the  timazite  of  Transylvania,  and,  according  to 
Cotta,  Bhoold  be  placed  among  the  plntonic  acidics.  In  case  its  exist- 
ence should  hereafter  be  established  in  Colorado,  and  it  be  found  in 
eonoection  with  the  younger  portions  of  the  trachorheitic  series,  it 
ihoQid  be  classed  among  the  volcanic  acidics.  The  development  of 
ToIcBDic  rocks  in  Tra^nsylvania  is  not  so  complete  nor  so  typical  as  it  is 
in  our  Western  Territories,  and,  therefore,  as  the  oldest  member  of  the 
SroQp,it  could  readily  be  regarded  as  a  plntonic  eruptive.  In  Colorado 
Bore  particularly,  however,  the  correlation  of  groups  is  so  well  defined, 
that  if  propylite  shonld  occur  in  connection  therewith  it  could  not  be 
•eparated  ^m  the  acidic  volcanic  eruptives. 

TBACHOBHEITES. 

ANBESITE. 

As  can  readily  be  nnderstood,  the  andesites,  the  oldest  group,  have 
been  subjected  to  many  changes.  Their  x>osition,  with  reference  to 
mbseqnent  eruptions,  and  their  lithological  constitution  have  rendered 
them  liable  to  alteration.  Thus  we  find,  at  many  places,  a  very  com- 
plete transition  from  typical  andesite  to  typical  trachyte.  During 
1373,  while  in  the  field,  I  was  inclined  to  refer  many  of  the  eruptive 
n)cks  to  this  group ;  but  subsequent  examinations  showed  me  that  its 
^Mscorrencey  or  rather  its  appearance  upon  the  surface,  is  comparatively 
limited. 

Perhaps  the  best  exposures  of  andesite  in  Colorado  may  be  found  in 
the  Front  ttange,  west  of  Pike's  Peak.*  There  the  volcanics  have  found 
their  way  to  the  surface  directly  through  gneissic  and  granitic  rocks. 
Spreading  from  the  central  point,  or  along  the  lines  of  eruption,  they 
have  produced  plateau-like  elevations,  characteristic  in  every  respect. 

Hichthofen  says:t  "Andesitic  mountains  are  characterized  by  monot- 
<^y  in  scenery.  They  form  continuous  ranges,  which  are  often  of  con- 
tiderable  elevation  and  extent,  but  exhibit  gentle  outlines  on  their  sum- 
mits as  well  as  on  their  slopes."  This  definition  agrees  closely  with  the 
^S|oQ  above  indicated.  It  remains  to  be  stated  that  the  ranges  are  not 
wrmed  by  the  andesite,  strictly  speaking,  but  summits  and  slopes  of 
^rtain  ridges  have  obtained  their  character  from  that  rock.    Relative 

*Hep.  U.  S.  Geol.  Snrr.,  1873,  p.  319. 
tMem.  Cal.  Ao.  Sci.,  1868^  torn,  i,  part  ii,  p.  25. 
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to  the  overljiDg  voIcanicBf  the  position  of  andesite,  wherever  it  was 
recognized  as  such,  remains  constant.  Frequently  later  flows  of  hot 
lava  have  passed  over  the  already  rigid  andesitic  mass,  and  have  baked 
it  very  thoroughly.  In  this  case  the  slabs  of  rock  are  often  phonoli 
tic,  and  show  innumerable  changes  of  color,  produced  by  a  compara- 
tively large  admixture  of  ferric  oxygen  compounds.  As  a  type  of  Uie 
audesite  of  that  region,  we  may  regard  that  from  Black  Mountain.  A 
dark-gray,  almost  black,  micro-crystalline  paste  contains  minute  crystals 
of  oligoclase.  Barely  is  the  paste  vesicular.  Crystals  of  sanidite  and 
a  black  mica  (probably  biotite)  are  distributed  throughout  the  mass. ; 
Acicular  crystals  of  hornblende  are  rare.  Upon  weathering,  the  thia* 
slabs  of  rocks  turn  a  reddish-browni  owing  to  forlher  oxidation  of  the 
magnetite  contained  therein. 

In  the  eastern  portion  of  main  volcanic  mass,  which  includes  the  Uo- 
compahgre  group,  a  number  of  andesitic  outcrops  were  noticed.  As 
might  be  expectcl,  the  phonolitic  character  of  andesite  is  restricted  to 
mainly  the  upper  horizon.  It  is  owing,  as  can  readily  here  be  observed, 
to  a  reheating  by  the  subsequently-arriving  trachytes.  On  the  north 
side  of  Saguache  Creek  this  feature  is  especially  noticeable.  Long-coo- 
tinned,  regular  bluffs  of  trachyte  overlie  the  andesites,  and  near  the 
iunction  of  the  two  the  fragments  of  the  latter  produce  a  submetalUc 
sound  when  struck.  Here,  too,  as  at  many  other  localities,  the  ande- 
sites are  accompanied  by  a  series  of  tuffs. 

All  eruptions  of  andesite  are  purely  $n<i8H%ve.  No  truly  volcanic  erup- 
tion has  been  observed  in  Colorado,  but  others,  less  massive  thau  tboiie 
of  andesite,  of  a  peculiar  type,  occur  frequently.  In  speaking  of  the 
trachytes,  more  particular  mention  will  be  made  of  the  types  of  erup- 
tion and  of  the  various  ways  in  which  they  manifest  themselves. 

TRACHYTE. 

It  is  the  group  of  trachytes,  above  all  others,  that  claims  our  atten- 
tion. Not  only  are  the  varieties  presented  very  numerous,  but  also  the 
modes  of  appearunfte.  *  Independent  of  the  chronological  suoeessioos, 
we  can  appropriately  divide  volcanic  eruptives  in  accordance  with  their 
methods  of  protrusion.  8uch  a  division  will  not  only  furnish  a  clue  i\A 
to  the  genei-ul  appearance  of  the  volcanic  rocks,  but  also — after  their 
character  has  once  been  recognized — to  their  geological  age. 

The  distinction  between  massive  and  volcanic  eruptions  has  lung  since 
been  made,  but  it  is  inadequate  to  express  all  the  most  typical  forms 
that  will  be  observed.  Five  types  of  volcanic  eruptions  may  be  dis- 
tinguished : 

Massive^  denoting  the  fact  that  the  lava  was  poured  out  through  one 
or  more  great  Assures  or  openings,  and  upon  reaching  the  surface  im- 
mediately spread  in  every  available  direction. 

Volcanic  eruptions  are  such  where  the  lava  was  propelled  outward 
through  a  cylindrical  tnbe  or  narrow  fissure.  Incident  upon  this  method 
of  eruption  is  the  gradual  formation  of  a  crater  and  its  accessories. 

Isolated  eruptions  may  be  characterized  as  such  where  the  lava  issued 
from  one  or  more  openings,  flowed  slowly,  and  succeeded  in  building  up 
a  mountain  or  group  of  mountains.  No  indication  of  craters  or  other 
features  of  the  volcanoes  of  the  present  day  are  noticeable. 

Anarhactio*  eruptions  are  those  comprising  one  or  more  dikes  or  a 
dike-system.    Narrow,  sometimes  long,  flssures  are  formed  in  various 

.  »  *  i  have  coined  this  word  m  lieu  of  one  ezpreraing  ttie  main  charaoteristicti  of  the 

1 1  group  it  desiguates. — £. 
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locks  and  strata  by  plotonic  or  volcanic  seismic  action.  Lava  is  in- 
jected into  these  fissures  presenting,  eventnally,  the  most  typical  ap- 
pearance.   Belonging  to  this  group  are  the — 

ItUrusive  eruptions.  These  latter  are  distinguished  from  the  former 
by  their  relative  position  to  the  rocks  adjoining.  An  anarhactic  erup- 
tive will  usually  be  so  located  as  to  stand  at  approximately  right  angles 
to  the  stratification  or  structural  planes  of  the  formations  it  traverses. 
In  ease  it  becomes  intrusive,  however,  which  only  can  occur  iu  sedimeu- 
tauy  or  in  stratified  beds,  the  foreign  material  will  appear  as  one  of  the 
members,  will  be  in  part  conformable  with  them^and  partake  of  their 
vsrioas  inclinations  and  deviations. 

Scattering  ernptives  comprehend  groups  of  small,  isolated  volcanics. 
They  are  intimately  related  as  reganls  genesis  and  age,  but  appear  as 
Btodding,  mostly,  one  of  the  younger  sedimentary  formations. 

These  divisions  will  not  be  found  to  apply  to  all  the  sub-groups  of 
tr<u3hytic  rocks.  Some  of  them  show  one  or  the  other  feature  only. 
The  subj(Nned  groups  of  the  entire  trachyte  series  are  based  mainly 
apcm  the  observations  made  in  the  San  Juan  Monntnins.  I  first  pro- 
posed it  two  years  ago*  and  have  since  found  the  classification  corrob- 
orated wherever  I  have  met  with  the  group.  In  case  we  have  before 
08  an  anarhactic  occturrence,  it  becomes  a  matter  of  diflicnlty  to  decide 
to  which  subgroup  of  trachyte  it  should  be  referred,  unless  it  is  in  direct 
eoDuection.  Lithological  characteristics  alone  will  not  always  suf- 
fice to  admit  of  final  discrimination.  It  seems  highly  probable  that 
many  of  the  dikes  and  dike-systems  we  observe,  though  but  a  short 
distaooe  removed  from  the  trachorheites  would  most  probably  correctly 
be  regarded  as  much  younger. 

Trachyte  2fo.  1  .f — The  rocks  belonging  to  this  group  may  be  regarded  as 
accessories.  In  the  southern  edge  of  South  Park  they  were  fij^t  noticed, 
in  connection  with  the  andesitee.|  I  have  characterized  the  occur- 
rence there  as  andesitic  tuff.  But  lew  localities  were  found  before  1874 
which  furnished  satisfactory  opportunities  for  comparison  and  study  of 
this  group.  As  soon  as  they  were  found,  however,  it  became  apparent 
that  the  tuff  belonged,  most  properly,  to  the  trachytic  series.  I  am  iu- 
clioed  to  the  opinion  that  the  tuffs  were  ejected  alter  the  cessation  of 
andesitic  eruptions,  and  immediately  preceded  those  of  the  trachytes. 
In  its  generic  character  the  trachyte  No.  1  forms  a  peculiar  group.  Al- 
though not  fully  answering  the  requirement  of  what  has  bcNdu  de- 
acribed  as  an  isolated  group,  it  possesses  many  of  them. 

Essentially  the  members  of  this  group  are  composed  of  what  the 
Italian  calls  lapilH^  of  finely  separated  volcanic  ash  and  fragmentary 
portions.  Almost  every  volcanic  eruption  of  the  present  day  is  either 
preceded  or  followed  by  an  ejection  of  ^'  ashy"  material  from  the  crater. 
The  fate  of  Pompeii  and  Herculanenm  show  to  what  an  enormous  ex- 
tent these  ash-eruptions  can  increase  even  within  the  historical  period. 
1  regard,  therefore,  the  ash-accumulations  observed  in  the  same  hori- 
zon, at  so  many  localities,  as  the  beginning  of  the  trachytic  series. 

Inasmuch  as  the  ejections  of  ash  and  tuff  takes  place  sporadically, 
and  as  the  material  has  not  that  nature  which  allows  it  to  spread  over 
any  considerable  area,  it  will  be  found  that  the  trachyte  No.  1  is  found 
only  in  isolated  patches.  Its  horizon  in  the  vertical  scale  is  well  estab- 
lished and  constant,  but  its  horizontal  distribution  is  more  or  less  acci- 
dental.   A  number  of  typical  localities  were  observed  both  in  1873  and 

*  Bnll.  U.  8.  Geol.  Sarv.,  No.  3,  second  Beries,  May  15, 1875,  p.  151. 
t  Rep.  U.  8.  Geol.  8arv.,  1874,  p.  195. 
t  Bep.  17. 8.  Oeol.  Sorr.,  1873,  p.  320. 
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1874.  Among  tbe  moat  prominent  are  tbe  dei)08]t8  sontli  of  Black 
Moantaius,  east  of  the  junction  of  Coochetopa  and  Tomichi  Creeks,  on 
White  Earth  Greek,  and  along  the  Kio  Gninde.  Perhaps  the  most  ex- 
tensive mass  of  this  material  occurs  on  White  Earth,  and  as  the  name 
•  18  at  tbe  same  time  a  descriptive  one,  I  shall  term  the  trachyte  No.  1 
the  White  Earth  group. 

An  average  thickness  of  alK>nt  800  feet  may  be  accepted  for  this 
group  thronghout  the  San  Juan  country.  It  is  readily  recognized  by 
the  striking  colors  it  exhibits.  Most  frequently  white,  gray,  and  yel« 
lowish  colors  predominate,  but  pink,  green,  brown,  and  even  black  are 
not  wanting.  Upon  first  glance  the  tuffs  composing  this  group  represent 
variegated  marls.  More  or  less  frequently  hard  interstrata  are  contained 
therein,  in  that  case  producing  terraces  upon  weathering.  Generally, 
the  material  composing  trachyte  No.  1,  is  a  light-colored  leldspathic  ag- 
gregate, loosely  cemented.    At  some  localities  bowlders  and  fragments 

!  nre  found  inclosed,  giving  the  beds  the  appearance  of  a  breccia.    Min* 

i  .  ute  crystals  of  sanidite,  hornblende,  magnetite,  obsidian,  and  some- 

times oligoclase  are  found  in  the  tnffs.  On  account  of  their  readily- 
yielding  physical  constitution  they  are  rapidly  attacked  and  worn  away 
by  erosive  agents.  Water  courses,  wind,  and  other  causes  carve  out 
most  peculiar  shapes  from  the  gradually  disa)>pearing  soft  bluffs.  Hard 
interstrata  may  give  rise  to  the  formation  of  "  monuments."  Toward 
the  top  of  the  series  not  infrequently  thin  beds  of  a  hard,  brown  tra- 
chyte are  interbedded  into  the  tuft's.  Succeeding  flows  of  lava  have 
thoroughly  baked  them  and  they  now  are  hard,  brittle,  almost  jaspery 
in  their  appearance.  Here,  too,  we  may  often  find  concretions  aud 
nodules  of  various-colored  jasper  and  of  semi-opal.  These  two  minecaln 
cannot  be  regarded  as  characteristic  of  the  White  Earth  group  only,  as 
they  occur  frequently  higher  up. 

About  three  miles  south  of  Black  Mountain  these  tuffs  were  found, 
resting  upon  the  andesite  of  that  region.  The  tuff  here  shows  a  thick- 
ness of  about  200  feet,  is  white,  yellow  to  pink,  greenish,  and  even 
brown.  Several  ravines  have  been  washed  into  the  loosely-cemented 
material,  and  their  sides  are  studded  with  a  variety  of  grotesque  forms, 
the  result  of  erosion.  Toward  the  base  the  tuff  becomes  move  compact, 
is  gray,  and  closely  resembles  a  very  coarsegrained  satidstone.  True 
to  the  rule,  this  is  only  a  local  deposit.  Soon  the  tuffs  thin  out  toward 
the  edges,  and  either  disappear  altogether,  or  are  covered  by  younger 
rhyolitic  eruptions.  Trom  a  section  taken  in  the  course  of  north  8U^ 
east,*  the  relative  position  of  the  tuft's  may  be  seen.  No  doubt  the 
eruption  which  gave  rise  to  the  formation  of  Black  Mountain  occurred 
not  from  it,  if  not  the  main  point  of  outflow  was  direcrly  there.  From 
there  the  lava  flowed  in  a  southerly  direction.  This  same  course  was 
also  taken  by  the  tnffs.  Outside  of  the  main  volcanic  group  the  tufts  of 
this  period  do  not  often  appear.  They  seem  to  be  replaceil  at  some 
IKiints  by  breccias,  but  these  do  not  bear  the  same  relations  to  older  aod 
younger  volcanics  as  the  tufts.  In  Wet  Mountain  Valley  a  few  occur- 
rences of  tuffs  wei*e  noticed,  but  they  are  of  no  importance. 

Near  the  junction  of  the  Oochetopa  and  Tomichi  Greeks  a  compara- 
tively large  mass  of  andesitic  tuffs  belonging  to  this  group  are  found.t 
White  aud  yellow  tuft's  cover  Middle  Cretaceous  shales  and  are  in  turn 
covered  by  sanidiuitic  trachytes.    Erosion  has  dealt  with  the  tuffs  in 

I  the  usual  manner.    Here,  too,  the  horizontiil  extent  of  the  tuffs  is  not 

i  j  very  great.    They  have,  no  doubt,  succeeded  the  eruptions  farther  east, 

III  J  *  Rep.  U.  8.  QeoL  Surv.,  1873,  p.  311.  t  Rep.  U.  S.  Geol.  6urv.,  1873,  p.  345. 
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tnd  have,  in  torn,  been  covered  by  the  enormoas  masses  of  lava  coming 
from  the  Bonthwest. 

One  of  the  most  typical  occarrences  is  fonnd  on  White  Earth  Creek.* 
The  tofb  are  of  white,  gniy,  and  yellowish  colors,  disintegrating  very 
leadily.  It  is,  perhaps,  softer  here  than  at  most  other  localities,  and 
for  this  reason  does  not  exhibit  the  nsual  picturesque  products  of  ero- 
tioiv  Farther  northward,  in  Dr.  Peale's  district,  the  tuffs  either  do  not 
oontinne  or  they  are  covered  by  younger  members  of  the  tracborheitio 
division.  Inasmnch  as  granite  i^^  exposed  along  the  Gunnison,  north  of 
White  Earth  Greek,  the  former  view  is  probably  the  correct  one.  The 
extent  of  the  tuffs  on  the  White  Earth  conld  not  be  determined,  as  the 
trachytes  above  them  obscured  everything. 

Two  localities  along  the  Kio  Grande  show  a  good  development  of  the 
White  Earth  group.  At  the  junction  of  Lost  Trail  Creek  with  the  Rio 
Grande,  we  find  a  highly  typical  exposure.!  Bluffs  nearly  900  feet 
high  show  the  outward  characteristics  of  variegated  marls.  Upon  ex- 
amination they  prove  to  consist  of  trachytic  tuff.  A  striking  feature  is 
the  marked,  apparent  stratification.  This,  however,  is  not  due  to  con- 
secutive strata  in  the  proper  sense  of  the  word,  but  is  owing  to  accu- 
molations  of  coloring  material  within  certain  horizontal  zones.  Mag- 
netite is  dispersed  throughout  the  entire  mass  of  the  tuffs,  and  it  is, 
primarily,  this  that  produces  a  number  of  colors.  Different  stages  of 
oxidation  manifest  themselves  by  different  colors.  Thus  are  produced 
various  shades  of  yellow,  orange,  brown,  and  green.  Westward  the 
tofib  extend  beyond  Pole  Creek,  but  are  mostly  hidden  from  sight  by 
trachyte.  On  Pole  Greek  they  once  more  crop  out,  and  it  may  be  ob- 
served that  they  are  harder,  more  compact,  than  farther  east. 

Another  locality  where  the  tuffs  appear  is  near  Crooked  Creek,  at  the 
head  of  Antelope  Park.  They  differ  in  nothing  from  the  others,  and 
are  of  bnt  small  horizontal  extent.  Although  the  characteristics  and 
appearance  of  this  group  within  restricted  areas  are  very  constant, 
tbeir  occurrence  is  practically  an  accidental  one,  and  they  are  not 
poaessed  of  the  same  value  in  systematic  classification  as  the  younger 
members  of  the  Trachorheite  group. 

Ad  interesting  occurrence  was  found  north  of  Saguache  Creek,  near 
Keck  Cliff  Dairy.  Between  two  andesitic  hills  a  valley  was  in  part 
filled  with  tuffs.i  Only  a  slight  accumulation  was  found,  resting  upon 
the  andesites  directly ;  the  remainder  seemed  to  overlie  portions  of  a 
local  Tertiary  fresh-water  deposit.  Through  this  tuff  a  dike  of  por- 
phyritic  obsidian  had  found  its  way  to  the  surface.§  The  black  obsidian, 
15teet  in  thickness,  contrasts  admirably  with  the  bright  yellow,  green- 
ish, and  pink  colors  of  the  tuff.  Numerous  small  fragments  of  the 
toff  are  inclosed  by  the  obsidian,  and  they  are  in  this  case  thoroughly 
baked.  In  appearance  they  closely  resemble  jasper.  For  several  feet 
on  either  side  of  the  dike  has  this  t(pkiug  influence  extended  itself, 
nntil  the  heat  of  the  molten  obsidian  was  no  longer  able  to  melt  and 
chanfi^e  the  feldspathic  tuffs.  Small  concretions  of  cloudy  agate  and 
^miopal  occur  at  the  borders  of  the  dike.  It  seems  uncalled  for  that 
siliceous  concretions  should  occur  so  frequently  near  the  junctions  of 
two  different  volcanic  rocks,  neither  of  which  contains  free  quartz  else- 
yhete.  From  the  constant  form  in  which  the  quartz  occurs — that  of 
JBsper  and  semiopals  mostly,  less  frequently  of  chalcedony  and  agate — 
lam  led  to  the  inference  that  the  silica  may  have  been  brought  forth 
in  a  hydrated  condition,  together  with  the  younger  erupted  material. 

*  Rep.  U.  8.  Geol.  Sarv.,  1»74,  p.  202.         t  Rep.  U.  8.  Geol.  Qutv,,  1073,  p.  344. 
tBep.  U.  8.  GeoL  Soft.,  1874,  p.  201.  §  Ibidem,  p.  345. 
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lu  tbat  case  rapid  cooling  woold  probably  prevent  its  entering  into 
any  composition  \vhicb  otherwise  might  have  been  effected.  Thos,  too, 
does  it  seem  easily  explained  why  so  often  semiopal  (quartz  containing 
water)  should  be  found  in  such  relative  position.  As  will  be  seen  far- 
ther on,  the  question  of  hydration  is  a  very  important  one  in  discnsaing 
the  origin  and  primary  condition  of  volcauics.  Therefore,  any  oocnr- 
reuce  typical  and  frequently  repeated,  will  add  its  share  to  the  solution 
of  an  otherwise  comparatively  intangible  qnestiou.  The  obsidian ,^too, 
of  this  locality  shows  special  features  of  interest.  The  mineral  is  black 
and  contains  small  crystals  of  sanidite,  thus  becoming  porphyritic. 
Its  structure  is  concentric  at  several  places.  Within  the  dike  we  find  a 
sphernlitic,  concentric  arrangement  of  the  obsidian.  From  small 
spheroids  they  are  found  to  the  size  of  10  feet  in  diameter.'  Similar 
concretions  have  been  noticed  elsewhere  in  volcanic  rocks.  One  of  the 
best  known  is  the  occurrence  near  Teplitz,  in  Bohemia.  There  a  con- 
centric  arrangement  is  observed  in  the  porphyries.* 

Trachyte  No.  2.t — Less  varied  in  its  lithological  features  than  the 
former  group,  this  one  presents  a  very  uniform  appearance.  Compared 
with  So,  1  and  the  succeeding  No.  3,  this  group  does  not  present  such 
marked  characteristics  as  the  other  two.  The  rocks  are  by  far  harder 
and  more  compact  than  those  of  the  preceding  group,  and  they  are 
better  able  to  withstand  erosive  agents.  Wet^thering  into  comiiara- 
tively  small  fragments  of  a  light-brown  color,  this  trachyte  generally 
presents  gently  rounded  slopes  near  the  base  of  bluffs  or  mountains. 
Easily  decomposed,  it  furnishes  soil,  and  an  ample,  unbroken  veg^ 
tatiou  not  unfreqnently  denotes  its  presence.  Exceptions  from  this 
rule  are  not  wanting,  however.  Trachyte  No.  2  is  found  chiefly  aloog 
the  main  drainage  of  the  San  Juan  Mountains.  Taken  as  a  whole, 
the  vertical  as  well  as  horizontal  arrangement  of  the  volcanics  in  that 
region  is  extremely  regular.  We  find,  therefore,  that  in  its  greatest 
depressions  the  lower  beds  and  groups  are  mostly  exposed.  Great 
uniformity  of  petrographic  character  will  be  found  to  exist  in  tbe 
members  of  this  group.  As  a  rule  the  paste  is  microcrystalline,  slightly 
vesicular  or  compact.  Numerous  small  crystals  of  sanidite  are  dis- 
persed tbronghour,  associated  with  diminutive  crystals  of  black  mica. 
Prisms  of  hornblende,  dark-green  to  black,  occur  sparingly.  When 
freshly  broken  the  color  of  tbe  rock  is  bright-pink,  with  a  blueish  tinge, 
or  reddish-brown.  Upon  exposure  it  aoon  becomes  dull.  Toward 
the  top  of  the  group  nodules  and  bands  of  porphyritic  pitch-stone  and 
obsidian  set  in.  They  are  characteristic  of  this  group,  and  almost  en- 
tirely confined  to  it  A  total  thickness  of  about  1,200  feet  may  be 
accepted  as  the  average  for  this  group.  On  account  of  its  toiiographical 
position,  I  shall  distinguish  trachyte  No.  2  as  the  *'  River  group.''  Its 
position  along  the  borders  of  the  main  streams  of  the  San  Juan  region 
justifies  tbe  name. 

Althongh  in  no  direct  connecAon  whatever,  I  am  inclined  to  regard 
the  trachytes  of  the  eastern  portion  of  Colorado  as  belonging  to  this 
group.  Certainly  their  relative  ])osition  to  the  andesites  and  tuffs 
assigns  to  them  this  place.  Lithologically,  also,  they  agree  very  well 
with  the  characteristics  exhibited  by  the  group  elsewhere.  It  is  natni^l 
that  an  intervening  space,  devoid  of  volcanics,  so  large  as  the  one  in 
this  particular  instance,  should  lead  us  to  expert  considerable  changes 
in  the  groups  that  must  be  regarded  as  belonging  together.  In  its  phy- 
sical character,  No.  2  belongs  to  that  type  which  has  been  designated 
as  massive  eruptive. 

*  Cotta,  Geologische  BUder,  Leipzig,  1871,  p.  1.     t  Bep.  U.  8.  Qe.1.  Soxt.,  1674,  p.  196. 
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On  the  higher  poriioDS  of  the  moantaiDoas  region  Ijing  to  the  west- 
ward of  Pike's  Peak  we  find  trachytes  that  are  referable  to  this  group. 
Thej  are  generally  found  superincumbent  upon  the  andesites  or  tuffs. 
Eegalar  stratification  is  shown,  indicative  of  the  regularity  of  the 
flows.  It  may  be  observed  that  the  upper  portions  of  each  flow  or 
Rtratnm  have  been  remelted  or  baked  by  succeeding  flows  of  hot  lava. 
In  color,  mineralogical  composition,  and  physical  features,  these  occur- 
rences agree  very  well  with  the  characteristic  of  the  western  rocks  be- 
longing to  the  same  group.  Not  only  do  we  find  them  in  the  formerly  ^ 
eoDtiDuous  series  of  volcanics  of  this  region,  but  they  may  also  be  ob- 
served in  connection  with  smaller  local  massive  outflows.  East  of  Wet 
KouDtain  Valley,  toward  the  Greenhorn  Bange,  a  large  portion  of  the 
mettimorphics  are  covered  by  such  trachyte.  Local  outcrops  occur  at 
various  points  along  the  Arkansas  Eiver,  along  the  southern  and 
sonthwestern  edge  of  South  Park,  and  in  the  southern  portions  of  the 
Sawatch  Bange.  » 

In  the  region  of  the  San  Juan  Mountains  the  Biver  group  is  admira- 
bly well-developed.  It  is  in  sight  at  all  those  points  at  which  the 
tnfb  have  been  mentioned,  and  overlies  them  uniformly*  Along  the  Bio 
Grande  we  have  occasion  to  study  the  Biver  group  most  eft'ectually. 
Disruption  of  the  volcanic  strata  has  there  produced  a  number  of  ver- 
tic^  or  very  steep  bluffs.  On  their  faces  we  notice  a  very  uniform  ap- 
pearance of  the  rock  and  the  characteristic  obsidiauitic  inclosures  near 
the  top.  Throughout  the  entire  district  No.  2  can  be  traced,  always  oc- 
cupying the  same  relative  position.  An  ast'Ouishing  regularity  of  the 
flows  can  be  observed,  and  it  is  possible  to  follow  the  same  unbroken 
stratum  sometimes  for  nearly  50  miles.  This  feature  indicates  the 
grand  scale  upon  which  the  volcanic  eruptions  of  the  region  occurred. 
Southward,  throughout  the  extension  of  the  San  Juan  Slountains  the 
Biver  group  appears  near  the  base  of  the  mountains.  It  there  totally 
obscures  any  of  the  tuffs  that  may  occur.  Few  of  the  streams  within 
the  main  mountain-mass  cut  down  low  enough  to  ezi>ose  this  trachyte, 
and  we  therefore  find  it  almost  exclusively  along  the  edge.  Owing 
to  a  ccmst^nt,  though  gentle,  easterly  dip  of  the  stratoid  flows.  No.  2 
no  longer  can  be  found  on  the  eastern  border  of  the  range,  but  is  con- 
fined to  the  western.    Its  character  is  uniform  throughout. 

Following  the  course  of  the  Bio  Grande,  we  find  a  full  development 
of  the  Biver  group  at  Wagon-Wheel  Gap.  The  total  thickness  there  is 
about  1,200  feet*  In  the  lower  portions  of  No.  2  numerous  inclosures 
of  jasper,  chalcedony,  and  agate  occur.  Many  fragments  of  these  may 
be  found  on  the  south  side  of  the  gap.  Toward  the  northeastern  and 
northern  border  of  the  volcanic  area  these  trachytes  continue.  They 
form  some  of  the  low  rounded  bluffs  along  Saguache  Greek,  and,  extend- 
ing beyond  the  Los  Finos  agency,  are  found  fully  developed  again  on 
White  Earth  Creek.  Wherever  favorable  opportunities  were  afforded, 
plateaus  are  formed,  in  receding  terraces,  by  the  members  of  this  and 
the  next  higher  group.  North  and  west  of  my  district  Dr.  Peale  has 
found  the  continuation  of  the  Biver  group  in  his  district.! 

Although  evidences  of  forcible  disturbances  are  not  wanting  in  this 
poup,  they  are  not  so  numerous  nor  so  characteristic  as  higher  up. 
W^gon- Wheel  Gap  affords  one  of  the  most  striking  examples  of  this 
kind.  There  a  hill,  located  transversely  to  the  course  of  the  Bio  Grande, 
bas  been  rent  asunder,  and  the  river  has  found  its  way  through  it. 
Columnoid  structure  of  the  upper  portions  of  the  trachyte  may  have    > 

*  Bep.  U.  S.  Qeol.  Sorv.,  1875,  p.  154.  \  Ibidem,  p.  93. 
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focilitated  the  disrnptioD,  vbicb  seems  rather  difflcnlt  of  esplaoation. 
Seismic  action,  in  preference  to  any  other,  may  be  regarded  oe  the  enase, 
It  will  be  noticed  that  mineralized  springs  not  nnft'eqnently  occar  in 
this  nnmbei  of  the  trachyte.  Its  comparatively  ready  decomposition 
auditsosoa!  orographic  position  explain  this  feature.  The  most  promi- 
nent among  them  are  the  hot  springs  of  Wagon- Wheel  Gap.* 

As  occQpying  a  pt^tion  between  trachytes  No.  2  and  Ko.  3,  wo  may 
regard  the  trachytic  brecm  or  conglomerates.  It  is  evident  that  the 
.  horizontal  distribution  of  this  conglomerate  mnst  necessarily  be,  to  a 
certain  extent,  commensnrate  with  the  distribution  of  the  volcanice.  In 
1871 1  found  but  few  locniitiea  where  the  conglomerate  was  exposed. 
Altogether  our  explorations  were  carried  ou  too  much  within  the  monnt- 
ains  to  show  us  the  former  shores  of  the  volcanic  land.  Dr.  Fealef 
fonnd  the  conglomerates  covering  an  extensiveareanorthof  theQaDni- 
son  River,  This  is  the  northerly  continuation  from  the  main  San  Juan 
groap  of  volcanics.  He  fonnd  tbe  conglomerates  overlying  Oretaceous 
beds,  and  covered,  in  torn,  by  rhyolite.  Inaamnch  as  the  inner  limita 
of  tbe  conglomerates  mnst  be  regarded  as  tbe  shore-lines  of  the  ancient 
volcanic  land,  its  distribation  becomes  a  matter  of  importance.  Cer- 
tainly large  quantities  of  tue  readily  disintegrated  material  have  been 
removed  from  their  origiual  places  of  deposition,  and,  in  consequence, 
the  exact  limits  cannot  be  accnrately  drawn.  Essentially,  as  is  s*rD 
from  the  occurrence  of  the  conglomerates,  the  volcanic  land  had  at  one 
time  the  same  general  shape  that  tbe  entire  area  shows  at  preaent. 
Eastward  of  the  conglomeritio  beds  fonnd  by  Dr.  Peale,  they  seem  to 
disappear.  No  oonnectiou  was  observed  between  the  group  north  of 
the  OunoisoQ  and  tbe  one  appearing  a  short  distance  north  of  Del 
Norte.|  Along  the  eastern  edge  of  the  San  Juan  Mountains  the  con- 
glomeiates  appear  in  the  deep  caSons  of  tbe  Rio  Grande  drainage.  On 
tbeOonejos  particularly  the  walls  have  been  carved  into  fantastical  shapes 
out  of  the  soft  material.  It  will  be  remembered  that  the  volcanic  niouDt- 
aln  area  becomes  narrow  as  we  reach  a  locality  as  far  south  as  Rio  San 
Antonio.  West  of  the  headwaters  of  this  stream  the  connection  of  the 
conglomerates  of  the  two  sides  is  almost  accomplished.  Along  the  en- 
tire western  border  of  tbe  mountains  we  find  the  conglomerate  again. 
It  occopies  an  absolutely  higher  position  than  farther  east,  owing  to  the 
easterly  dip  of  the  volcanic  strata.  Near  tbe  Rio  Grande  Pyramid  it  is 
lost.  Again  it  appears  on  the  drainage  of  the  San  Miguel  and  of  tbe 
UncompahgTe.§ 

In  thickness  this  conglomerate  shows  considerable  variation  when 
distant  points  are  compared.  Near  the  Rio  Grande  Pyramid  the  thick- 
ness is  about  200  feet.  As  we  proceed  southward  along  the  western 
base  of  the  mountains,  it  increases  considerably.  At  Pagosa  Peak  ve 
find  it  to  be  1,200  feet,  and  on  the  headwaters  of  Rio  Navajo  about  1,500. 

" =iig  over  to  the  eastern  slope  of  tbe  range,  and  examining  as  we 

d  northward,  tbe  same  conditions  are  apparent  On  tbe  Oonejos 
ickness  of  tbe  conglomerates  is  about  1,200  feet,  on  tbe  Alamosa 
id  north  of  Del  Norte  abont  300.  North  of  tbe  Gnnnison  Kiver 
lale  has  found  the  thickness  of  the  breccia  to  be  400  feet.  At  no 
locality  in  Colorado,  except  in  connection  with  the  main  Son 
'olcanic  group,  was  this  breccia  observed.    Its  existence  is  owing  . 

,U.  S.  Ueol.  Barv.,  Ib75,  p.  154 ;  Kep.  Eipl.  ana  finrv.  west  lOOih  M«r.,<roLiUi 
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to  what  may  be  regarded  as  an  incidental  cause,  and  its  accompaniment 
of  trachyte  No.  2  is  not  an  invariable  occurrence.  Dependent  upon 
favorable  orographic  and  hypsometric  conditions,  it  has  been  deposited 
in  varying  masses  along  the  border  of  the  former  volcanic  peninsula. 
There  is  scarcely  any  doubt  that  the  waters  into  which  the  conglomerate 
was  deiK>sited  occupied  but  a  restricted  area  as  compared  to  that 
oovered  by  immediately  preceding  formations.  After  the  ejection  of 
the  lava  which  comi)oses  the  flows  of  the  River  group,  a  peripherical 
subsidence  probably  took  place,  permitting  the  accumulation  of  water 
along  the  borders  of  the  volcanics.  I  have  not  enumerated  the  con- 
glomerates as  an  independent  group  in  the  list  of  volcanics  of  Colorado. 
This  omission  has  been  made,  because  I  regard  its  presence  and  its  de- 
velopment as  essentially  accidental.  Very  few  extensive  groups,  indeed, 
of  volcanics  occur  anywhere  without  being  accompanied,  more  or  less, 
by  toffs  and  breccias  or  conglomerates. 

Structurally  the  conglomerates  present  the  usual  type.  At  some  lo- 
calities a  separation  of  the  coarse  from  the  fine  material  was  observed, 
l^ot  unfrequently  ^^  bands  "  seem  to  occur  in  the  cbnglomeritic  walls, 
often  continuing  and  visible  for  a  long  distance.  Upon  examination, 
these  bands  prove  to  be  of  different  physical  composition.  Mostly  they 
are  composed  of  more  uniform  (in  size)  finely-separated  material,  which 
is  ejther  cemented  together  more  loosely  or  more  firmly  than  the  sur- 
rounding masses. 

'  An  examination  of  the  lithological  character  of  the  bowlders  con- 
tained in  the  conglomerates  shows  that  we  have  before  us  the  larger 
quantity  as  resembling  the  trachytes  of  No.  2.  Higher  up,  near  the 
upper  termination  of  the  breccia,  dififerent  rocks  set  in,  however.  Some 
of  them  closely  resemble  the  porphyritic  trachytes,  others  can  scarcely 
be  found  to  differ  from  types  that  we  find  in  the  younger  groups  of  the 
tracborheitic  series.  I  am  inclined  to  the  opinion  that  local  eruptions 
took  place  during  that  period  of  time  when  the  main  volcanic  group 
was  nearly  surrounded  by*water,  and  that  they  furnished  the  material 
for  this  rare  species  of  conglomerate.  At  a  number  of  localities  evi- 
dence remains  of  the  deposition  of  the  breccia  into  water.  Dr.  Peale 
bas  noticed*  its  ^'  stratified  appearance,"  and  along  the  western  border 
of  the  mountains  such  evidence  was  frequently  observed.!  Near  Station 
36  of  1875  a  layer,  irregular  in  its  vertical  dimensions,  of  pumice  was 
noticed  near  the  top  of  the  con  glomerates.  Upon  investigation  it  proved 
to  have  been,  originally,  obsidian,  which  flowed  into  the  water  receiving 
the  breccia. 

Characteristics  not  only  of  physical  composition,  but  also  of  physical 
tippearanee,  are  exhibited  by  the  conglomerates.  As  a  rule,  they  are  soft, 
easily  eroded,  readily  cut  by  flowing  water.  This,  in  connection  with 
the  irregular  distribution  of  bowlders  and  softer  portions,  is  productive 
of  very  marked  results.  Water,  wind,  and  frost  carve  the  most  fantas- 
tic figures  out  of  the  yielding  material.  Steep,  frequently  vertical,  blufis 
are  ornamented  by  many  varieties  of  forms.  Caves  and  arches  are 
formed,  the  former  not  seldom  affording  shelter  to  some  of  the  wild  ani- 
mals infesting  the  region.  In  case  the  breccia  be  firmly  cemented,  these 
detail-features  will,  in  a  great  measure,  be  lost.  Steep  walls,  either  as 
bluffs  or  in  cafion?,  with  but  scattering  monumental  ornamentation, 
characterize  the  harder  varieties  of  the  rock.  Throughout  the  volcanic 
area,  wherever  the  conglomerates  were  observed,  these  characteristics 

were  found  to  hold  good.    By  their  aid  this  group  can  readily  be  dis- 

^~- —  -  —  -■  -     -  ■  —  _ -» 
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tinguished,  even  AroiD  long  distances.  Adding  the  more  or  less  hori* 
zontal  arrangement  of  its  beds,  we  find  the  conglomerates  to  be  one 
of  the  most  conspicnoas  groups  of  tb«^  entire  volcanic  series. 

Trachyte  JVb.  3.* — This  subdivision  I  have  separated  into  two  groups, 
"So.  3  lotcer  and  upper.  The  distinction  was  made  not  only  on  accoont  ot 
lithological,  but  also  for  orographic  reasons.  17o.  3  may  be  regarded 
as  the  most  widely  extended  of  the  trachy tic  series.  Wherever  the  River 
group,  by  virtue  of  the  dip  of  the  flows,  has  disappeared  from  sight, 
there  we  find  No.  3  in  the  lower  portions  of  the  region.  Forming  promi- 
nent, characteristic  bluffin,  with  steep  faces,  it  may  at  once  be  distin- 
guished from  the  preceding  number  by  its  darker  color.  Offset  by  the 
conglomerates,  wherever  they  appear,  it  sharply  marks  its  own  horizon. 
In  the  interior  of  the  main  volcanic  area  it  is  generally  found  high  up, 
as  the  lower  positions  are  monopolized  by  the  older  groups. 

No.  3  lower  is  recognizable  by  its  physical  appearance.  Almost  al- 
ways it  forms  steep  slopes.  When  found  in  the  valleys  it  incloses  them 
with  precipitous  walls.  A  tendency  to  columnar  structure  adds  greatly 
to  this  feature.  Lithologically  it  is  also  distinct  When  freshly  broken 
the  specimens  show  a  reddish*brown  color,  but  are  dark-brown  upon 
weathering.  Toward  the  top  of  No.  3  lower  some  lilac-colored  beds  set 
in,  but  they  are  of  inferior  thickness.  Numerous  small  crystals  of  sani- 
dite  occur  in  the  brown  paste.  This  is  sometimes  compact,  sometimes 
slightly  vesicular.  Mica  (biotite)  is  found  sparingly.  It  is  black  when 
fresh,  splendent  bronze-color  after  exposure.  When  forming  the  slopes 
of  mountains  the  rocks  of  this  group  generally  weather  in  slabs  or  an- 
gular fragments.  Gases  of  reheating  and  baking  may  be  observed  com- 
parati  vely  rarely  only.  For  this  lower  group  a  thickness  of  800  to  1,000 
feet  was  accepted,  wherever  fully  developed. 

No.  3  upper  is  lighter  colored  throughout.  The  paste  is  a  grayish-red 
or  brown  and  lilac  or  pink.  Less  sanidite  is  found  in  this  group  than  in 
the  lower  one,  but  more  mica.  Hornblende  .crystals  occur  as  accessory 
mineral.  Toward  the  top  of  the  group  a  series  of  beds  occur  that  I 
have  characterized  as  ^^a  feldspathic  matrix  without  any  segregated 
mineral8."t  In  color  they  contrast  strongly  with  the  underlying  group. 
They  are  either  white,  light  yellow,  gray,  greenish,  or  pink.  About 
400  feet  may  be  regarded  as  the  maximum  thickness  of  this  series. 
Although  found  at  a  number  of  places,  their  occurrence  is  not  constant 
throughout.  It  may  be  that  they  owe  their  existence  to  local  outflows, 
or  perhaps  they  were  primarily  distributed  over  but  a  small  area.  Tbe 
connection  has  been  obliterated  by  erosion  and  other  causes.  Within 
these  beds  pitch-stones,  mostly  porphyritic,  sometimes  occur.  A  local 
conglomerate  occurs  near  the  top  of  No.  3  in  the  vicinity  of  the  Bio 
Grande  Pyramid,  both  west  and  north  of  it.  It  stands  in  no  connection 
with  the  main  conglomerate,  but  closely  resembles  it  in  its  essential 
features.  Two  hundred  feet  may  be  regarded  as  its  maximum  thicknesSi 
For  No.  3  upper  we  can  assume  a  total  thickness  of  1,000  to  1,500  feet 
Variations  in  thickness  frequently  take  place,  rarely  involving  more, 
however,  than  a  few  hundreds  of  feet.  More  disturbances  of  the  orig- 
inal position  of  the  beds  have  affected  this  group  than  either  of  tiio 
preceding.  From  the  characteristic  position  occupied  by  the  members 
of  this  group  near  the  edges  of  the  main  volcanic  area,  and  from  the 
striking  appearance  the  strata  there  presents,  I  term  it  the  ^'Biaff 
group." 

In  case  the  volcanic  beds  are  alternately  hard  and  soft,  we  will  ob- 

*  Report  U.  S.  Geol.  Sarv.,  1874,  p  196.  t  Rep.  U.  S.  Geol.  Sarv.,  1874,  p.  200. 
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serve  tbe  hills  to  be  terraced.    I^ear  Sagaache  this  is  very  well  illas- 
trated.* 

For  tbe  appearance  of  tbe^members  belonging  to  trachyte  No.  3  we 
must  look  mainly  along  tbe  northern  and  eastern  border  of  the  meant- 
ains,  in  the  interior  and  in  their  sonthern  extension.  Regarding  the 
San  Joan  Mountains  from  the  stand-point  of  a  geographer,  we  mnst 
separate  them  essentially  into  two  divisions ;  the  Unoompahgre  groap 
ond  the  San  Jnan  Mountains  proper.  These  latter  1  have  regarded,  in 
tbe  Annual  Report  for  1875,  as  the  sonthern  extension  of  the  Bawatch 
BMge.  Strictly  speaking,  they  may  be  considered  so.  The  term  "  San 
Joan  Mountains"  is  one,  however,  so  well  known,  and  so  indiscrimi- 
nately applied,  that  it  may  be  well  to  retain  the  name,  bnt  restrict  its 
application.  While  the  IJncompahgre  group  is  certainly  a  very  typical 
arrangement  of  the  most  rugged  mountains,,  without  order  or  system, 
the  southern  continuation  of  the  entire  mountain-mass  is  definable  as 
a  range.  It  is  to  this  that  I  apply  the  name  of  San  Juan  Range.  Tak- 
ing a  comprehensive  view  of  it,  we  find  it  to  be  a  narrow,  elevated 
plateau.  Streams  and  other  agents  have  deeply  furrowed  it,  bnt  the 
main  summits  retain  a  uniform  elevation.  In  harmonious  relation  with 
the  rocks  and  beds  composing  this  range  do  its  orographic  features 
show  themselves  to  stand. 

While  the  most  rugged  group  of  mountains  is  composed  mainly  of 
trachyte  No.  4,  the  San  Juan  Range  owes  its  existence  to  the  Bluff  group. 
A  short  distance  west  and  northwest  we  first  find  the  members  of  No. 
3  participating  in  the  structures  of  small  plateaus,  hills,  and  blufis. 
Bc^hing  to  elevation  of  13,000  feet  above  sea-level,  we  find  deposited 
tbe  highest  memliers  of  the  group.  Conformable  with  the  underlying 
beds,  in  perfect  accordance  with  the  total  arrangement  of  the  volcanic 
flows,  they  frequently  form  the  summits  of  some  of  the  high  peaks  of 
that  region.  As  we  proceed  westward,  we  find  the  absolute  position  of 
the  beds  of  No.  3  to  be  higher.  Partly  an  amplification  of  the  strata 
accounts  for  this,  partly  the  general  easterly  dip  of  all  the  volcanics  of 
that  section.  The  highest  point  is  reached  on  the  summit  of  Uncom* 
pahgre  Teak,  14,235  feet.  None  of  the  flows  belonging  to  this  group 
appear  to  extend  northward  beyond  the  Gunnison  River.  There  the 
conglomerates  are  covered  by  rhyolites.t 

By  far  the  greatest  development  of  trachyte  No.  3  is  found  in  the  San 
Jasn  l^nge.  From  the  Rio  Grande  Pyramid  we  can  trace  the  members 
of  this  group  along  the  range  to  the  southern  border  of  Colorado. 
Forming  frequently  extensive  plateaus  that  are  but  little  lower  than  the 
highest  peaks  of  the  range,  tbe  flows  present  one  unbroken  series 
throaghout.  The  gentle  southeasterly  dip  is  always  noticeable.  It  is 
owing  to  this  that  no  prominefit  peaks  are  found  on  the  eastern  slope  of. 
the  range,  while  the  western  is  amply  supplied  therewith.  Strictly 
speaking,  the  western  slope  is  bnt  the  abrupt  termination  of  the  plateau, 
while  the  eastern  is  essentially  its  sloping  summit.  Erosion  and  abra- 
sion have  necessarily  had  a  degrading  influence,  so  that  now  the  slope 
is  more  than  commensurate  with  the  dip  angle  of  the  volcanic  beds. 
Whether  the  isolated  peak  on  tbe  summit  of  tbe  range  should  be  re- 
irarded  as  evidence  of  local  eruptions  or  as  the  remaining  portions  of 
once  continuous  beds,  seems  difficult  to  determine.  I  accept  the  former 
view.  Although  I  find  scarcely  any  variation  in  the  lithological  char- 
acter of  the  rocks,  the  flows  of  No.  3  are  so  uniform  and  continuous  in 
their  character,  that  I  cannot  regard  them  as  having  been  ejected  iVom 

•  Rep.  U.  S.  G«ol.  Surv.,  1873,  p.  345.         t  Eep.  U.  8.  Geol.  Sarv.,  1874,  p.  170. 
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bat  very  few  places.  Had  large  masses  of  lava,  sach  as  we  now  find 
in  the  range,  issaed  from  the  numerous  prominent  peaks,  we  would 
scarcely  observe  the  same  uniformity  tbat^we  now  find.  At  the  same 
time,  the  peaks  in  question  d6  not  at  all  exhibit  the  petrographic  char* 
acteristics  that  we  should  expect  them  to  show  did  they  belong  to  a 
younger  group  of  volcanics ;  i.  «.,  were  they  remnants  of  flows  subse- 
quent to  those  of  No.  3. 

At  some  of  the  highest  localities  of  the  range  we  meet  with  the  hanl 
variegated  beds  belonging  to,  and  sometimes  forming  the  top  of,  the 
Bluff  group.  On  Banded  Peak,*  and  farther  south,  they  were  noticed. 
Here  their  thickness  reaches  about  800  feet.  I  am  inclined  to  think  that 
a  number  of  the  upper  beds  of  No.  3  occur  in  very  much  lighter  colors, 
and  have  therefore  been  added  in  the  variegated  beds.  Porphjritic 
pitch-stones  and  obsidians  occur  here  also.  A  large  bed  of  pitch-stone, 
varying  from  4  to  15  feet  in  thickness,  was  found  near  the  Bio  Grande 
Pyramid  in  these  strata  and  traced  for  the  distance  of  about  six  miles. 

North  and  west  of  the  Quartzite  Mountains  No.  3  is  gradually  super- 
seded by  No.  4.  It  again  appears,  however,  on  the  western  and  north- 
western border  of  the  volcanic  area.  Underlying  the  younger  beds,  it  is 
mostly  found  at  the  base,  hiding  from  sight  the  two  older  groups.  In 
several  instances  ca&ons  are  cut  down  sufficiently  deep  to  expose  them, 
however.  All  of  these  older  groups  appear  to  thin  out  in  that  region, 
while  the  younger  ones  reach  a  very  considerable  vertical  development. 

Displacements  of  strata  are  comparatively  frequent  in  this  group. 
Two  of  the  most  prominent  are  those  at  Mount  JSneffels  and  at  Bristol 
Head.  The  former  we  have  named,  from  its  form,  the  Great  Amphithe- 
atre.t  For  the  distance  of  2,000  feet  the  strata  have  dropped  down 
vertically,  causing  an  oval  depression  about  four  miles  in  length  and 
nearly  a  mile  wide.  On  nearly  all  sides  the  walls  are  perfectly  perpen- 
dicular. It  seems  probable  that  this  '^drop''  and  one  near  the  Bio 
Grande  Pyramid  were  caused  by  enormous  caves.  To  all  appearance 
they  have  occurred  but  recently,  comparatively  speaking.  At  the  Great 
Amphitheater  the  strata,  removed  a  distance  of  nearly  half  a  mile  from 
their  original  position,  have  retained  a  certain  continuity  to  the  present 
day.  Although  cracked  and  broken  into  innumerable  fragments,  the 
pieces,  often  weighing  hundreds  of  tons,  lie  side  by  side,  separated,  not 
rarely,  by  only  a  narrow  fissure.  At  Bristol  Head|  the  cause  of  the 
displacement  is  more  apparent.  A  small  ridge,  north  of  Antelope  Park, 
runs  parallel  with  the  edge  of  the  Bristol  Head  Plateau.  Upon  exami- 
nation, it  was  found  that  the  Bio  Grande  had  probably  undermined  this 
portion  by  washing  away  a  deposit  of  trachyte  No.  1.  Thus  the  weight 
could  no  longer  l^  sustained,  and  the  unsupported  portion  dropped 
down  a  vertical  distance  of  more  than  1,000  feet.  The  ^^drop"  is  not 
purely  vertical;  it  was  accompanied  by  a  movement  toward  the  sontb, 
away  from  the  plateau  with  which  the  detached  portion  was  originally 
in  connection.  A  very  pretty  little  valley,  containing  Lake  Santa  Maria, 
has  thus  been  formed  between  the  two  steep,  enclosing  walls.  Local 
'*  drops''  of  small  dimensions  occur  quite  frequently  in  the  strata  of  the 
Bluff  group.  In  its  physical  character  this  group  belongs,  as  well  as 
the  preceding,  to  the  massive  volcanic  eruptions. 

Trachyte  No.  4.§ — Only  during  the  summer  of  1874  did  I  have  coca- 

•  Rep.  U.  8.  Geol.  Surv.,  1875,  page  167. 
t  Rep.  U.  S.  Geol.  Sorv.,  1874,  page  206. 
X  Rep.  U.  S.  Geol.  Surv.,  1874,  page  199. 

i  Rep.  U.  S.  Geol.  Surv.,  1874,  p.  196 :  Bulletin  U.  S.  GeoL  Surv.  No.  3,  second  eeriei, 
May  15,  1875,  p.  152. 
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mn  to  study  this  series.  Bo  far  as  I  am  aware,  no  pablicatioo  has 
teen  made  with  reference  thereto  since  that  time.  The  groap  is,  hori- 
sontally,  a  restricted  one,  but  fraught  with  the  occurrences  of  the  high- 
est interest.  Not  only  are  the  rocks  themselves  of  very  peculiar  t.vpe 
br  the  position  they  occupyj  but  the  presence  of  many  metalliferous 
veins  lends  additional  importance  to  the  gronp.  It  occurs  in  the  heart 
of  the  Uncompahgre  group  and  extends  to  its  western  edge.  Some  of 
tbe  highest  mountains  of  that  region  are  partly  or  wholly  composed  of 
it  Tbe  latest  discoveries  of  ore-bearing  veins  seem  to  have  been  made 
at  localities  where  this  group  occurs  merely  as  capping  the  older  ones. 
With  other  words,  instead  of  the  veins  being  cop  fined  to  No.  4,  they 
extend  through  it  and  can  be  reached  in  older  formations. 

On  the  point  of  petrographic  character  this  group  presents  more  vari- 
ations than  any  one  of  the  volcanics.  Many  brilliant  colors,  of  the 
most  delicate  shades,  are  shown  by  the  mountains  and  ridges.  They 
are  doe  to  admixtures  of  certain  mineral  substances.  Darl^  colors  may 
*be  said  to  be  characteristic  of  the  main  bulk  of  this  gronp,  but  a  very 
prominent  exception  is  made  by  what  I  have  termed  the  ^^  red  stratum.^* 
Originally  white,  the  presence  of  ferric  oxygen  compounds  gradually 
ebanges  this  color  to  yellow,  orange,  red,  and  brown.  The  rock  is  a 
micro  crystalline  feldspathic  paste  of  white  color,  containing  very  mi- 
I  Date  transparent  crystals  of  sanidite  and  small  crystals  of  pyrite. 
I  Throughout  the  district,  wherever  this  stratum  could  be  traced,  the 
[  crystals  of  pyrite  were  contained  in  it  as  an  ^Mmpregnatlon.^'  Some  of 
I  the  largest  cubes  seen  will  hardly  measure  0.5  millimetre  on  the  edge. 
I  Decomposition  of  pyrite  releases  the  sulphur  and  changes  the  iron  from 
I  a  bisulphide  to  hydrated  sesqaioxide.  This,  in  varying  percentages, 
f  produces  the  colors  and  shades  above  enumerated. 

Stating  the  general  mineralogical  character  of  the  rocks  of  this 
group,  we  may  say  that  the  paste  is  compact  (rarely  vesicular)  and 
micro-crystalline.  Oligodase  is  the  most  prominent  of  the  enclosed 
minerals.  Another  feldspar — triclinic,  probably  andesite — occurs  with 
it  Sanidite  may  be  regarded  as  an  exception,  and  occurs  only  in  the 
lower  members  of  the  group.  Pyrite,  magnetite,  hornblende,  mica,  and 
dilorite  are  accessory  minerals,  of  which  the  first-named  occurs  in  the 
sbape  of  an  impregnation. 

For  trachyte  No.  4  we  can  accept  a  thickness  of  3,000  to  3,500  feet. 
Iq  its  lower  members  it  retains  the  stratoid  character  very  well,  but 
higher  up  this  is  gr/^atly  oblitenvted.  From  the  fact  that  this  series 
forms  the  most  rugged  and  typical  mountains  of  the  Uncompahgre 
group,  I  term  it  the  '^  Mountain  group.'' 

Taking  into  consideration  the  general  mineralogical  constitution  of 
the  rocks  and  the  existence  of  ore-bearing  lodes,  we  are  tempted  to  paral- 
lelize this  group  with  propylite.  This  temptation  has  become  all  the 
greater  since  the  discovery  of  tellurides  of  gold  and  silver  in  the  Hodg- 
kias  Lode  of  Lake  district. 

Bichthofen  places  propylite  at  the  base  of  the  volcanic  series  in  our 
Western  Territories,  and  that  position  is  accepted  for  it  by  all  who  have 
^aaintance  with  the  regions  involved.  It  is  merely  for  the  purpose 
of  anticipating  any  comparisons  that  might  be  made,  and  to  justify  the 
position  I  have  assigned  this  group,  that  I  enter  into  a  brief  discussion. 

It  is  well  known  tbat  the  lodes  of  Transylvania  are  found  in  a  ^^  green- 
*ton«  trachyte.^    This  rock  has  been  referred  to  the  "  trachy tic  series '' 
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by  most  European  geologists.  The  term  '^  tracbyte  "  was  there  by  nc 
means  so  limited  oa  might  have  been  desired,  bat  comprised  a  nambei 
of  distinct  rock-species,  or  even  genera.  Bielz  proposed  for  this  rock 
the  name  of  timazite.  Gotta  *  states  that  where  he  saw  it  it  was  decom* 
posed,  ^'  frequently  bleached  almost  white,  commonly  containing  pyritc 
disseminated  through  it.''  At  Nagyag  and  Offenbanya  the  ore-bearing 
rock  is  the  timazite.  This  is  synonymous  with  Eichthofen's  propylite. 
Were  it  not  for  the  fact  that  wo  have  a  direct  contact  between  the  oldei 
tracbytic  rockn  and  the  ore*bearing  group  of  the  San  Juan  region,  tb€ 
miueralogical  and  petrographio  similarities  of  the  two  would  probably 
lead  to  its  identification  as  propylite.  One  of  the  most  favorable  local* 
ities  to  study  the  relations  of  the  Mountain  group  to  those  underlying,  is 
found  near  the  headwaters  of  the  Rio  Grande.  Distinct  stratification 
i  of  the  lower  members  of  No.  4  is  noticeable.    There  they  rest  directly 

I  and  conformably  upon  the  upper  strata  of  No.  3.    This  feature  may 

;  distinctly  be  traced  all  along  the  line  of  junction.    At  the  time  the  tra- 

chytes of  No.  4  were  ejected  the  region  where  now  the  mines  are  located 
was  already  considerably  corrugated.  A  ridge  extended  northward 
from  the  Quartzite  Mountains,  which  barred  the  progress  of  No.  3.  Tbe 
succeeding  flows,  however,  utilized  the  equalization  of  niveau^  and,  pass- 
ing over  this  ridge,  penetrated  beyond  it.  Evidence  of  this  ancient 
ridge  may  be  found  in  Arrastra  and  Cunningham  Gulches  and  on  the  ele- 
vated plateau  east  of  them.  This  fact  accounts  for  the  absf^nce  of  tbe 
three  lower  tracbytic  groups  along  that  entire  border  of  the  volcaiiio 
area  containing  the  headwaters  of  the  Animas  and  San  Miguel  Rivers. 
Although,  consequently,  the  ore-bearing  rocks  of  the  San  Joan  region 
appear  as  almost  an  isolated  group,  they  are  in  reality  in  direct  and  har- 
monious connection  with  the  older  groups  of  the  tracbytic  division.  In 
the  direction  of  Mount  Sneffels  and  Uncompahgre  Peak  this  connection 
can  more  readily  be  found,  and  will  he  clearly  understood. 

At  tbe  time  of  my  visit  the  region  had  not  even  been  thoroughly 
prospected.  Subsequent  discoveries  made  since  those  in  and  near 
Baker's  Park^  mostly  occar  within  the  limits  assigned  to  the  Mountain 
group.  As  significant  I  regard  the  presence  of  the  ^^  red  stratum.^  I 
do  not  mean  to  insin  uate  that  such  localities  that  do  not  e^thibit  it  will  be 
found  barren  of  ore,  but  I  am  of  the  opinion  that  the  bountiful  mineral 
impregnation  with  which  this  group  is  supplied,  indicates  the  former  ex- 
istence of  such  causes  as  led  to  the  formation  of  minerals  that  are 
classed  as  "  ores.'' 

Wherever  any  definite  structure  can  be  observed  in  the  rocks  of  Ka 
4,  it  will  be  found  to  correspond  with  that  of  underlying  volcanic  rocks. 
As  it  is  the  last  one  of  the  series  showing  such  character,  I  have  in- 
eluded  it  under  tracbyte,  and  have  closed  the  tracbytic  division  with  it 
No  members  of  the  Mountain  group  were  found  in  the  San  Joan 
Bange.  Their  southern  border  is  immediately  sooth  of  Sultan  Mountain, 
where  they  unconformably  overlie  Carboniferous  sedimentary  beds.^ 
From  there  it  swings  around  to  the  headwaters  of  the  San  Miguel  and 
follows  the  edge  of  the  mountains  northward  beyond  Mount  Snefiel& 
Between  Mount  Snefi'els  and  Uncompahgre  Peak  the  limits  of  the  Meant- 
ain  group  turn  eastward.  They  include  within  their  area  the  Station 
12  group,  and,  after  having  crossed  the  Bio  Grande,  disappear  a 
short  distance  south  and  east  of  Silverton.  At  this  latter  locality  tbey 
become  thin,  overlying  metamorphie,  Devonian,  and,  in  part.  Carbonif- 
erous rocks.    In  Cunningham  Gulch  the  metnmorphics,  chloritic  schists, 
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crop  oat,  aod  in  Arrastra  Galch  they  bave  been  reached  by  the  Little 
-  Giant  Mine.  Within  the  Station  12  group  we  find  a  very  excellent  de- 
TelopmeDt  of  the  red  stratum.  Again  it  is  observed  at  Mount  Ganby, 
Bear  the  Janotion  of  Pole  Greek  with  the  Bio  Orande.  On  Bear  Greek, 
west  of  Baker's  Park  and  along  Mineral  Greek  we  find  it  well  represented. 
Sear  Mount  Sneffels  the  evident  stratification  of  the  volcanic  rocks  can 
be  most  satisfactorily  observed,  and  a  connection  can  from  there  be  es- 
tablished of  trachyte  No.  3  eastward  to  the  Bio  Orande.  At  Handle's 
Peak  and  other  localities  we  noticed  a  large  number  of  very  regular  quartz 
veins.  Since  our  visit  many  of  them  have  been  ^Mocated,"  and  some  are 
worked. 

In  Bulletin  No.  3,  second  series,  and  in  United  States  Oeological  Be- 
port  for  1874,  a  discussion  of  the  San  Juan  mines  may  be  found.  It  is 
needless,  therefore,  to  repeat  any  information  there  contained.  Nearly 
all  of  the  lodes  located  near  Baker's  Park  were  found  in  trachyte  No.  4. 
Babaeqoent  investigation  hiis  shown  that  they  penetrate  beyond  the 
lower  limits  of  this  group,  and,  without  any  appreciable  change  of 
coarse  or  character,  enter  the  metamorphics,  which  are  covered  by  the 
trachyte.  All  the  veins  that  I  had  occasion  to  visit,  located  within  the 
trachyte,  were  argentiferous.  The  only  one  which  was  at  that  time  worked 
:  in  the  underlying  schists,  the  Little  Oiant,  is  auriferous.  I  am  not 
aware  whether  this  feature  has  since  been  established  as  the  rule. 
Mining  is  not  uufrequently  carried  on  in  a  very  desultory  manner  in  our 
western  country,  and  it  is  very  difficult  to  obtain  any  reliable  data,  es- 
eept  by  personal  inspection.  A  surprising  regularity  of  the  metalliferous 
veins  may  be  observed.  I  know  of  no  place  where  the  veins  appear  so 
undisguised  on  the  surface.  A  photograph  taken  at  Howards^ille  has 
been  reproduced.*  For  a  vertical  distance  of  about  1,400  feet  we  can 
trace  the  veins  of  this  hill-side. 

As  to  the  cause  which  produced  the  formation  of  the  fissures  which 
we  now  find  filled  with  metalliferous  matter,  several  suggestions  may 
be  offered. 

First.  They  may  have  been  produced  by  the  contraction  of  the  vol- 
canic masses  upon  cooling. 

Second.  Subsidences  of  certain  portions  may  have  given  rise  to  the 
formation  of  fissure-systems. 

Third.  They  may  owe  their  existence  to  plutonio  or  volcanic  seismic 
action. 

We  notice  that  nearly  all  the  veins  have  a  strike  lying  between  north 
4do  west,  and  north  45^  east.  This  indicates  a  common  cause  for  their 
tbnnation.  Oenerally  the  fissures  will  be  found  nearly  at  right  angles 
with  the  beds  or  flows  of  trachyte. 

The  fact  that  the  veins  enter  the  underlying  metamorphic  rooks,  and 
do  so  without  changing  their  character,  excludes  the  first  proposition. 
No  doubt  the  irresistible  force  of  contraction  would  probably  have  suc- 
ceeded in  carrying  the  fissure  downward  into  the  harder,  metamorphic 
rocks.  In  case  this  had  occurred,  however,  the  fissures  would  have 
changed  their  character.  Slides  would  either  have  occurred,  or  the  veins 
must  grow  narrower  with  increasing  depth.  Neither  of  these  instances 
wa«  observed. 

If  satMidences  had  occurred  after  the  established  rigidity  of  the  vol- 
canic rocks,  it  would  be  shown  in  their  stratification.  Declinations  of 
some  extent,  or  faulting,  must  have  taken  place. 

In  preference,  I  accept  the  third  explanation,  not  only  for  these  but 
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for  Dearly  all  vein  systems.  If  we  bave,  so  Dear  the  place  of  lode-oo- 
carrences,  the  ageats  which  cao  aod  undoubtedly  have  produced  vio> 
lent  seismic  actiou,  we  will  rarely  go  amisR  in  assigaing  to  theon  th0 
cause  of  producing  such  fissures.  Not  far  distant  from  the  lode-beariog 
locality  we  have  evidence  that  younger,  more  recent  eruptions  moat 
have  taken  place.  I  allude  to  such  instances  as  the  Mount  Wilaoii 
gi'oup,  the  isolated  volcanic  groups  near  the  headwaters  of  the  Dolore^ 
and  to  the  enormous  quantities  of  basaltic  lava  that  have  been  i^eeted 
northeast  and  east  of  the  mining  districts.  Accompanying  the  erup- 
tions, the  usual  phenomena  are  fully  axlequate  to  have  produced  the 
effects  we  now  observe. 

In  previous  pages  the  impregnation  of  the  red  stratum  by  pyrite  has 
been  mentioned.  This  mineral  was  probably  segregated  during  the 
period  of  the  cooling  of  the  rock.  Its  presence  denotes  nothing  save 
the  existeoce  and  ejection  of  a  large  amount  of  iron  and  sulphur  at  the 
time  of  eruption.  Such  conditions,  also,  must  have  prevailed,  as  were 
favorable  to  the  combination  of  this  metal  and  metalloid.  In  case, 
therefore,  if  this  mineral,  or  rather  its  component  parts  were  drawn 
from  the  same  source  that  furnished  the  trachytes,  it  may  justly  be  pre- 
sumed, that  the  resources  were  not  thereby  exhausted.  Inasmuch  as 
the  red  stratum  is  one  of  the  oVder  members  of  the  mountain  group,  U 
may  be  inferred  that  its  source  lay  nearer  the  surface  of  the  earth  thau 
that  of  the  succeeding  Hows.  Assuming  that  the  fissures,  either  as 
such,  or  in  ramifications  and  other  forms  reach  downward  to  this  source, 
or  approximately  to  it,  we  may  explain  the  filling  of  the  fissures  with 
metalliferous  and  other  matter.  Infiltration,  in  its  widest  sense,  has  oo 
doubt  produced  the  ores  as  we  now  find  them  in  veins.  Whether  such 
infiltration  occurred  by  the  means  of  mineral  substances  in  solution  or 
in  a  state  of  \olatilization  cannot  always  be  determined.  In  this  in- 
stance we  have  a  case  where,  perhaps,  both  methods  were  employed. 
From  the  vertical  distribution  of  minerals  in  the  vein  much  can  be 
learned,  and,  no  doubt,  future  developments  of  the  San  Juan  mines  will 
furnish  many  data  of  the  highest  interest  and  value. 

Special  features  oftrachytic  rocks, — Some  very  peculiar  effects  of  ero- 
sion were  observed  in  the  tracbytic  rocks.  The  fantastic  forms  generally 
exhibited  by  members  of  the  White  Earth  group  and  the  conglomerates 
have  been  mentioned  above.  A  very  striking  instance  of  the  former 
was  found  on  a  small  creek  flowing  into  Henssen's  Creek.*  On  th^ 
steep  slope  of  a  hill  an  accumulation  of  cuffs  had  taken  place.  Basaltic 
bowlders  have  rolled  down  upon  the  hillside  from  tbe  edge  of  a  plateau 
and  have  lodged  there.  Temporary  streams  and  other  aqueous  erosioo 
curved  out  columnar  ^'  monuments,"  each  one  surmounted  by  an  erratic 
bowlder  of  bnsalt.    Their  height  is  20  to^O  feet. 

On  South  Biver,  which  joins  the  Bio  Grande  a  short  distance  belov 
Antelope  Park,  a  unique  group  of  similar  monuments  was  discovered.! 
They  have  been  carved  directly  out  of  the  conglomerate  which  reaches 
a  thickness  of  about  600  feet  at  that  locality.  Some  of  the  large  bowl4- 
ers  of  the  conglomerate  act  as  protecting  caps  and  have  preserved  the 
slender  columns  supporting  them  from  destruction.  Thousands  of  the^jB 
monuments  are  crowded  into  a  small  space,  that  for  its  unique  beauty 
surpasses  any  other  spot  in  Colorado.  While  we  are  accustomed  to  see 
these  monuments — at  best — 30  feet  hi^h,  they  here  rise  to  the  toweriDg 
dimensions  of  400  feet  Arches|  and  caves  are  found  at  the  same 
locality,  remarkable  for  their  regularity  and  symmetry  of  form. 

•  Bep.  U.  S.  Geol.  Sarv.,  1«74,  p.  195.  t  Rep.  U.  S.  Geol.  Sarv.,  1875,  p.  156. 

X  Ibid.,  p.  lf«. 


r   ACIDIC  VOLCANIC  BRUPTIVES TRACHYTE RHYOLITE.  229 

^ear  Moant  Wilson  a  Blender,  trachytic  monolith  attracted  onr  atten- 
tiou.*  Upon  a  steep  ba^e  we  tind  an  obelisk-sbaped  rock,  290  feet  in 
height.  Tho  tendency  to  columnar  atructnre  of  the  rocks  composing: 
Ir&cbyte  "So.  3  ha^  been  noted  above.  It  is  owing  to  this  that  the  rook 
^  Liziird's  Head  "  has  been  able  to  form  itself.  It  is  bat  the  remnant  of 
an  extended  flow,  all  other  portions  of  which  have  disappeared  under 
the  destractive  hands  of  erosion  and  decomposition. 

RHYOLITB. 

With  rbyolite  I  close  the  main  group  of  trachorheites.    Although 

. Bthologicaily  readily  distingai«hed  from  the  preceding  members,  it  does 
oot  offer  points  sufficiently  characteristic  generally  to  admit  of  separa- 
UoQ  in  harried  field-work.  It  may  be  stated  that,  as  a  rule,  rbyolite 
is  intimately  associated  with  the  older  trachorheites.  Exceptions,  how- 
ever, are  not  wanting.  Dependent  apon  its  associations,  the  character 
of  tbe  rock  is  such  as  to  be  classed  among  either  massive,  intrnsive,  or 
anarhactic  eruptives.  In  the  first  instance  we  find  it  together  with 
trachyte :  in  the  second  it  usually  accompanies  older  volcanic  rocks,  and 
m  the  third  it  may  be  observed  at  many  i)omts,  witbont  being  in  any 
direct  connection  with  other  fordiations  of  similar  genesis. 

At  no  point  in  Colorado  were  very  extensive  masses  of  rbyolite  ob- 
w*rved.  It  occurs  together  with  the  trachorheites  of  the  Front  range, 
in  the  Elk  Mountains,  in  South  Park,  and  in  the  Uncompahgre  Mount-* 
8ID8.  Frequently  the  connection  with  tnicbyre,  both  as  regards  posi- 
tion and  petrographic  character,  is  so  intimate  that  the  question  may 

'  arise,  whether  or  not  we  have  before  us  simply  a  changed  trachyte  in- 
stead of  a  specifically  distinct  rock  species. 

Perhaps  the  most  distinguishing  leatnie  of  rbyolite,  as  compared 
with  other  volcanics,  may  be  found  in  the  presence  of  free  silica.  This 
occurs,  when  visible,  in  the  shape  of  small  fragments,  grains,  or  crys- 
tals. Not  nnfrequently,  however,  it  appears  in  none  of  these  forms,  and 
then  only  the  microscope  or  analysis  can  reveal  the  species  of  tho  rock. 
In  genend  habitat  the  resemblance  of  rbyolite  to  the  various  trachytes 
is  so  great  that  unless  Iree,  visible  silica  be  present,  mistakes  can  readily 
occur. 

Thronghont  Colorado  we  find  rhyolite.  At  no  place  does  it  show 
itself  in  large  masses,  but  appears  usually  of  subordinate  importance 
in  connection  with  other  eruptives.  In  order  to  present  a  general  idea 
as  to  tbe  form  in  which  it  is  most  freqnently  met  with,  I  shall  discuss, 
first,  the  massive,  then  intrusive,  and  finally  anarhactic  eruptions  of 
this  rock.    All  of  these  are  of  great  interest,  and  are  important  at  the 

:  regions  where  they  occur.  Intimately  associated  with  other  groups  and 
formations,  the  rhyolites  comfprise  a  piominent  chapter  in  the  geologi- 

^  cal  history  of  the  State. 

Mas9ive. — Flows  of  rhyolite,  rather  limited  in  extent,  may  be  noticed 
near  the  Front  range,  south  of  Black  Mountains.t  It  there  forms  low 
blnffis,  skirting  the  base  of  the  mountain.    These  are  superimposed,  in 

;  part,  on  trachyte  and  tuffs  ^  in  part,  on  Carboniferous  strata.  South 
of  the  Arkansas  River,  west  of  Wet  Mountain  Yalley,  is  the  Eosita 
mining  district.  There  again  we  find  rhyolite.  Its  horizontal  extent 
ia  not  considerable.  At  that  locality  the  rhyolite  rests  directly  on 
granite.  Ore-bearing  veins  traverse  both  these  rocks.|  No  change  can 
be  noticed  in  the  characteristics  of  the  lodes  upon  leaving  the  granite 

*  Bep.  U.  &  Geol.  Sorv.,  1674,  p.  207.  t  Rep.  U.  S.  Geol.  Sary.,  1873;  p.  3C0. 

IBep.  U.  8.  GeoL  Sary.,  1673,  p.  331. 
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and  eoteriog  the  younger  volcanic  rocks.  An  analogoas  case  occars  in 
Boath  Parky  where  gold  is  fonnd  in  some  of  the  rbyolites.  Mr.  Marvine 
fonnd  a  namber  of  rhyolite  outcrops  in  his  district  for  1874.  They  are 
all  of  small  extent  only,  but  typical. 

In  the  Uncompahgre  group  this  rock  occurs.  It  occupies,  usually,  a 
position  superimposed  upon  the  trachytes.  Bluffs  and  small  hills  are 
formed  by  it  near  the  edges  of  the  main  mass  of  volcanics.  More  ex- 
posures are  found  on  the  northern  side  of  the  Gunnison  River  than 
south  of  it.  At  that  locality  the  rhyolite  overlies  trachytic  breccia.* 
Within  the  main  mass  of  the  Uncompahgre  Mountains  a  very  interest- 
ing occurrence  of  rhyolite  was  observed.!  A  very  typical  rhyolite  was 
found  on  a  tributary  of  Henssen's  Creek,  near  Station  10.  At  the  base 
of  a  deep,  narrow  valley  heavy  masses  of  basalt  protruded  through  the 
surrounding  trachorheites.  Numerous  caves  and  tunnels,  the  proofs 
of  gaseous  expansion,  were  found  in  the  basalt.  Overlying  it  was  rhyo- 
lite. This  latter  rock  was  thinly  bedded ;  the  stratification-liucs  were 
well  marked.  At  first  sight  it  appeared  probable  that  the  rhyolite  bad 
been  ejected  subsequent  to  the  protrusion  of  the  basalt  This  would 
not  be  in  accordance  with  the  adopted  and  usually  verified  succession 
of  the  groups.  Examination,  however,  showed  that  the  rhyolitic  strata 
dipped  toward  the  valley  at  an  angle  of  60^  to  70^^,  and  we  had  before 
us  but  a  detached  fragment  of  a  more  extensive  rhyolitic  flow  farther 
west.  By  the  basalt  this  fragment  had  been  carried  up  to  its  preseut 
position,  being  too  small  to  offer  sufficient  resistance  to  disruption. 
At  various  times  the  relative  age  of  rhyolite  and  basalt  have  beeu  called 
into  question.  Perhaps  the  most  important  observation  leading  thereto 
was  made  by  Mr.  Marvine.l  He  found,  at  Truxton  Springs,  Ariz.,  rhyo- 
lite overlying  and  interbedded  with  basalt.  It  is  to  be  regretted  that  it 
was  impossible  for  him  to  find  the  sources  whence  these  lavas  came. 
Probably  a  rhyolitic  eruption  may  have  taken  place  at  some  locality 
long  after  the  activity  ejecting  that  rock  had  generally  ceased,  or  an 
eruption  of  basalt  may  have  occurred  before  the  main  masses  made 
their  appearance.  In  view  of  the  large  amount  of  testimony  which 
favors  the  greater  age  of  rhyolite,  an  isolated  or  even  several  isolated 
cases  of  such  a  kind  can  have  no  influence  upon  the  classificacory  ar- 
rangement. Basaltic  rocks  speak  for  a  new  era  of  volcanic  activity  from 
their  very  lithological  and  chemical  character,  from  their  mode  of  occur- 
rence, and  from  the  intimate  relations  they  bear  to  erupted  material  of 
the  present  day.  In  contradistinction  thereto,  the  trachorheites  com- 
prise a  series  that  is  well  defined  within  its  own  limits,  characteristically 
separated  from  others,  and  one  that  brings  to  its  close  a  period  of  the 
most  enormous  volcanic  action. 

Intrusive, — At  two  localities,  mainly,  were  intrusions  of  rhyolitic 
material  observed,  in  the  mountains  of  South  Park  and  in  the  Elk 
Mountains.  At  Horseshoe  Mountains  Dr.  Peale  has  found  §  volcanic 
rocks  ^^interstratified"  with  sedimentary  strata.  The  volcanics  ap- 
pear to  be  a  rhyolitic  trach.^  te.  By  their  passage  between  the  separated 
sedimentary  beds  they  have  very  thoroughly  metamorphosed  the  latter. 
Sandstones  are  changed  into  quartzites,  and  limestones  partly  into 
marble.  Some  of  the  volcanic  iuterstrata  show  very  excellent  columnar 
structure  there,  which  is  due  to  the  rate  of  cooling  and  partly  to  the 
pressure  exercised    by  superincumbent  beds.    At  the  Silver  Heels 

♦  Rep,  U.  8.  Geol.  Surv.,  1874,  p.  170, 

t  Rep.  U.  8.  Geol.  8nrv.,  1^74,  p.  197. 

X  Ezpl.  and  Surv.  West  lOOth  Mer.,  vol.  iii,  p.  202.  i 

i  Rep.  U.  8.  Qeol.  Sarv.,  1873,  p.  234. 
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XoantainSy  and  several  adjacent  localities,  Dr.  Peale  has  observed  the 
aame  phenomena.  Dr.  Hajden*  speaks  of  the  same  occarrences,  and 
refers  to  them  as  intrusions. 

One  of  the  most  striking  examples  is  that  shown  at  Gothic  Monntain. 
Dr.  Haydent  gives  an  elaborate  account  of  it.  Bbyolitic  rocks  intrnde 
into  the  Cretaceous  shales,  forming  prominent,  steep  bluffs  in  the  ordi- 
narily gentle  slopes  near  the  base  of  the  peak.  Several  beds  of  this 
rhyolite  may  be  traced,  one  above  the  other,  following  the  directiou  of 
tiie  sedimentary  strata.  On  Eock  Greek  Mr.  Holmes  noticed  a  very 
excellent  illustration  of  intrusion.]:  A  prominent  mountain  is  there 
formed  by  a  ^^rhyolitic"  rock.  Upon  investigation  it  was  found  that 
the  Cretaceous  shales  at  the  base  were  in  normal  position  while  they 
were  dipping  from  the  hill  on  one  of  its  slopes.  Further  examination 
proved  *'  that  this  upturned  portion  had  been  separated  from  the  rest 
and  forced  upward  by  a  wedge-like  mass  of  intrusive  rock,  which  be- 
loDged  to  the  central  mass  of  the  group." 

From  these  few  examples  it  will  be  seen  that  true  cases  of  intrusion 
may  be  found  more  frequently  in  rhyolitic  areas  than  in  those  occupied 
hy  older  trachorheites.  It  seems  that  some  of  the  rocks  at  the  local- 
ities just  quoted  more  closely  resemble  trachyte  than  rhyolite,  but  the 
majority  appear  to  belong  to  the  latter.  Intrusion  occurs  also  in  con- 
nection with  the  smaller  dikes,  but  in  that  case  is  usually  of  but  limited 
extent. 

Anarhactic. — Perhaps  the  most  prominent  form  in  which  rhyolite  occurs 
in  Colorado  is  in  the  character  of  dikes.  In  connection,  generally,  with 
one  of  the  main  centres  of  eruption,  the  dikes  occupy  definite  positions 
relative  thereto.  As  a  rule  they  are  fonud  near  the  edges  of  the  main 
mass,  at  places  that  were  most  favorably  situated  for  disruption.  Some- 
times the  general  arrangement  of  the  dikes  is  a  radial  one,  aod,  again, 
they  may  be  more  or  less  parallel.  It  is  evident  that  any  upheaval,  such 
as  may  have  accompanied  at  least  a  portion  of  the  volcanic  eruption, 
will  mostly  result  in  local  rupture  of  the  upheaved  masses.  Fissures 
and  cracks  thus  formed  will  be  injected  with  the  liquid  or  plastic  vol- 
canic material,  thus  forming  dikes.  Any  grouping  of  fissures  in  definite 
order  will  be  productive  of  dike-systems.  Among  all  the  erupted  rocks 
of  Colorado  none  oJQfer  so  much  material  for  study  of  this  class  of  ejected 
material  as  the  porphyritic  trachytes.  A  more  extended  discussion, 
therefore,  upon  the  various  features  exhibited  and  the  factors  involved 
will  be  deferred  until  treating  of  these  rocks. 

At  the  head  of  ^'  Oh  Be  Joyful"  Greek  Dr.  Peale  §  mentions  a  dike  as 
setting  through  the  sandstones.  He  describes  the  rock  composing  it  as 
haTing  a  ^^  very  compact,  fine-textured,  dark  greenish  matrix,  in  which  are 
a  few  small  crystals  of  feldspar."  Particles  of  free  quartz  also  occur  in  it 
In  the  vicinity  of  the  Elk  Mountains  and  in  the  Horseshoe  group  these 
dikes  most  frequently  occur.  Near  Horseshoe  Mountain  Mr.  Holmes 
sketched  several  of  the  intrusive  volcanics,||  which  Dr.  Peale  describes 
as  being  very  highly  siliceous.  I  class  them  among  the  rhyolites, 
mainly  on  account  of  their  association,  and  agree  with  Dr.  Peale  in 
his  assumption  that  the  high  percentage  of  silica  may  be  due  to  the  fact 
of  tbeir  intrusion  among  the  sandstones. 

Besides  these  two  regions,  rhyolitic  dikes  are  of  rare  occurrence. 
Bhyohte,  at  best,  occupies  but  a  subordinate  position  in  Colorado,  if 
compared  with  other  volcanics,  and  the  comparative  paucity  of  its 
various  occurrences  is  therefore  readily  understood. 


•  Bep.  U.  S.  Geol.  Sarv.,  1873,  p.  44. 
tRep.  U.  S.  CS«ol.  Sarr.,  1874,  p.  55. 
I  Bep.  U.  &  QeoL  Borv.,  1874,  p.  64. 
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I  Bep.  U.  S.  Geol.  Surv.,  1873,  p.  233. 
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POKPHTEITIO  TEACHTTE. 

By  far  greater  iDterest  thao  in  any  of  th*e  preceding  groaps  of  era] 
tive  rocks  is  ceatred  in  tbe  groap  of  porpbyritic  trachytes.  This  ter 
liiis  been  applied  by  tbe  geologists  of  tbis  survey  Biuce  1873.  As  tt: 
kuowtedge  of  the  special  churaeter  and  of  tbe  general  correlations  a 
cumulated,  the  appellation  was  restricted  somewhat.  At  present  n 
(rumprise  under  the  name  of  porpbyritio  trachytes  eruptions  that  (t)  ai 
isolated  as  to  their  topographical  character  aod  geognostio  position 
{2)  show  all  the  typical  characteristics  of  tmufayte,  with  such  udditioni 
details  as  maj  specifically  separate  them  therefrom.  The  separatio 
ibat  has  been  made  from  the  beginning  has  been  fully  sustaiued  b 
evidence  subsequently  collected.  Such  evidence  is  furnished  not  oul 
tvjibiu  Colorado,  but  also  in  adjncent  Territories.  Inaveryable|iaper 
Dr.  A.  0.  Peale  has  set  forth  aud  discussed  tbe  leading  feiiturea  of  tb 
group.  His  personal  examinations  of  a  number  of  tbe  localities  involve 
admirably  fitted  bim  to  complete  tbe  task. 

IUDDLB   FABE, 

Mr.  Marvinef  mentions  tbe  occurrence  of  porphyritio  trachyte  f 
Park  View  Mountain.  It  occurs  there  in  the  form  of  dikes,  analogoi 
to  other  localities.  It  appears  that  the  dikes  are  not  confined  to  Par 
View  alone,  but  spread  out  from  it  and  assert  their  influence  wberert 
they  go  A  small  map  accompanying  the  report  of  Mr.  Marvine  slio« 
u  quadrioircular  radial  arrangement  of  the  dikes.  Ue  says:  "Tbei 
dikes  vary  from  5  to  30  feet  in  thickness,  some  being  apparently  ov( 
five  miles  in  length,  and  extending  across  tbe  country  like  hngi 
broken  walls.  Where  several  intersect  or  occar  near  one  another,  tbe 
combined  resistance  to  erosion  has  formed  a  bill,  every  spur  of  wfaic 
contains  a  dike."  These  latter  ure  well  defined,  and  are  composed  i 
very  characteristic  rock.  A  greenish,  luicro-crystalline  paste  contaii 
numerous  opaque  wbite  crystals  of  oligoclase.  Large  simple  aod  twi 
crystals  of  orthoclase  occur  tbroufjbout  the  mass,  associated  with  thi 
transparent  lumiuee  of  oligoclase.  Small  six  sided  crystals  of  cbloril 
are  found  in  the  puste. 

lb  speaking  of  dikes  found  on  Williams  Kiver,  Mr.  Marvine  f  has  co 
reetly  interpreted  tbe  metbod  of  action  and  the  importance  of  the  po 
phyrite  trachytes  from  a  geological  i>oiut  of  view.     He  says :  "  Tbe  ii 

trusive  masses, instead  of  breakiug  across  the  strata  her 

followed  along  tbetr  planes  of  bedding,  and  forcing  apart  and  apwai 
the  strata  between  which  they  wedged  themselves,  caused  them  to  ii 

dine." We  have  here,  therefore,  tbe  same  action  that  h: 

taken  place  in  the  Spanish  Peaks,  La  Plata  and  Elenry  Mountain 
though  not  carried  out  to  its  fullest  extent.  The  result  has  been,  asol 
serve<l  by  Mr.  Marvine,  the  intrusion  or  interleaving  of  sedimeutai 
be<l8  with  eruptive  material.  Evidently  the  force  exerted  was  not  sn 
ficiently  great  to  cause  an  extensive  rupture,  and  tbe  trachytes  remaine 
bidden  from  sight  to  a  great  extent.  The  recognition  of  tbis  fact  ao 
of  the  ultimate  result,  in  spite  of  difScult  snrronndings,  is  one  that  r 
Hects  great  credit  upon  the  work  of  our  former  co-Iaboriug  geologist. 

MOUNT  BIOHAKD  OWEN, 
Station  33,  of  ]  871,  made  by  Dr.  Peale  and  Mr.  Gannett,  is  known  t 
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Moont  Eicbard  Owen.*  Dr.  Peale  examiDed  the  region  and  has  pnb- 
lished  a  diagram  thereof.t  From  this  it  appears  that  a  series  of  radially 
arranged  dikes  traverse  Oretuceoas  shales,  and  by  metamorphosing  these 
have  given  rise  to  the  formation  of  a  mountain.  He  does  not  regard 
the  rock  composing  the  dikes  as  typically  porphyritic.  It  is  more  com- 
pact and  of  tiuer  textare.  Taking  into  consi(leration  the  large  number 
of  varieties  presented  by  the  trachyte  and  the  comparatively  intimate 
association  with  other  nndispntable  occarrences,  I  think  that  the  occur- 
rence may  sately  be  regiirded  as  belonging  to  this  class. 

North  and  southwest  of  this  mountain  are  extensive  groups  of  por- 
phyritic trachyte.  They  are  more  massive  than  is  usually  the  case,  and 
comprise  the  region  containing  Mount  Marcellina.  Dikes  traverse  the 
entire  country  tbere^  connecting,  in  part,  the  detaehed  areas  of  porphy- 
ritic trachyte.  Inasmuch  as  the  mountains  are  not  so  completely  i^o- 
lateti  here  as  is  nsually  the  case,  these  groups  present  a  slight  deviation 
from  the  type  accepted. 

SPANISH  PEAKS. 

In  1860  Dr.  Hayden  first  examined  the  Spanish  Peaks.  They  are 
located  at  the  eastern  entrance  of  La  Yeta  Pass  across  the  Sangre  de 
Cristo  Mountains.  Although  within  a  short  distance  of  this  high  moun- 
tain range,  the  isolation  of  the  Spanish  Peaks  is  complete.  They  rise 
^m  the  adjoining  low  country  to  an  elevation  of  13,623  feet.  Sur- 
roQuded  on  all  sides  by  sedimentary  beds,  they  have  preserved  thepriil- 
cipdl  feature  distinguishing  porphyritic  trachyte  eruptions — isolation. 
Dr.  Hayden  characterizes  them  as  ^'  a  gigantic  dike.^t  This  expresses 
essentially  their  structure.  During  1875  I  visited  them,  and,  in  spite  of 
the  advanced  season,  was  able  to  collect  some  highly  interesting  data.§ 
Structurally  the  two  peaks  diflfer.  The  eastern  one  may  be  regarded  as 
the  main  point  of  outflow  for  the  volcanic  material.  While  there  the 
main  mass  of  the  mountain  is  composed  of  porphyritic  trachyte,  the 
western  peak  is  chiefly  built  up  of  sedimentary  rocks.  There  is  a  con- 
nection between  the  central  masses  of  the  two,  which  appears  in  the 
saddle  dividing  them.  Through  a  main  fissure,  striking,  probably,  about 
east  2(P  north,  the  trachyte  ascended  in  a  viscous  or  plastic  condition. 
Whatever  may  have  produced  the  upheaval  of  the  Carboniferous  beds 
through  which  the  lava  passed,  resulted  in  parting  many  of  them  parallel 
to  their  stratification.  Into  the  wedge-shaped  openings  thus  produced 
the  lava  entered,  forcing  the  strata  to  retain  their  distended  position. 
Simultaneous  with  or  immediately  following  the  initiatory  upheaval 
was  a  disruption  of  the  rigid  beds.  This  took  place  primarily  in  the 
direction  of  east  20^  north,  the  strike  of  the  most  extended  line  of  erup- 
tion. Issuing  from  that,  and  more  particularly  from  its  western  termi- 
nation, are  a  very  large  number  of  radial  dikes.  Some  of  these  evidently 
did  not  reach  to  the  surface  at  first,  but  gradual  denudation  has  brought 
to  light  the  material  inclosed  in  the  fissures.  Standing  on  the  summic 
of  West  Spanish  Peak  the  radiating  dikes  can  readily  be  traced.  They 
form  prominent,  high  walls,  leading  down  from  the  mountain  and  some-  |1 

times  extending  into  the  plain  below  for  a  number  of  mile:).  Their  dis- 
tribntion  is  a  singularly  regular  one,  and  the  constancy  of  each  indi- 
vidual dike,  as  regards  its  course,  is  surprising.  Prom  the  present 
"*^"*— ™'  '  'I  ' 

*  Report  of  ReconnaissaDce  in  the  Ute  conntry,  p.  40. 
t  Rep.  U.  8.  Geol.  8nrv.,  1874.  p.  165. 
t  Rep.  U.  8.  Geol.  Surv.,  reprint,  1867  to  1869,  p.  153. 
i  Rep.  U.  S.  Geol.  Sarv.,  1875,  p.  lid. 
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poaitiou  of  the  dike-walls  it  is  apparent  that  an  enormous  amoant  of 
sedimentary  material  must  have  been  removed  since  the  eruption  took 
place.  Furcation  and  crossing  of  the  dikes  is  also  noticeable  in  this 
locality.  Wherever  an  additional  strain  was  exerted  on  the  strata  they 
broke  .in  some  other  direction,  thus  causing  the  effects  now  observed. 

As  might  be  expects,  the  passage  of  hot  material  in  a  viscous  or 
plastic  state  has  seriously  aftected  the  sedimentary  rocks  with  which  it 
came  in  contact.  It  has  been  stated  above  that  the  lava  passed  througli 
Carboniferous  strata.  These  are  composed  of  sandstone,  with  thin  beds 
of  shale.  In  examining  the  contact  between  these  rocks,  it  will  be  found 
that  the  sandstones  are  thoroughly  baked,  altered  into  quartzites,  and, 
in  rarer  instances,  into  an  aggregate  closely  resembling  granite.  Shales 
are  metamorphosed  into  hard,  brittle  argillites.  It  may  be  observed 
that  a  short  distance  off  from  the  dikes  or  intruded  masses  the  meta- 
morphosis becomes  less  pronounced,  and  the  normal  constitution  of  the 
rock  again  appears.  So  far  as  could  be  seen,  no  complete  fusion  of 
inclosing  and  inclosed  rocks  took  place.  This  demonstrates  that  either 
the  degree  of  heat  which  the  lava  showed  was  not  a  very  high  one,  or 
that  it  lasted  but  a  short  time. 

It  is  a  very  difficult  matter  to  arrive  at  any  conclusions  regarding  the 
degree  of  heat  which  lava  contained  at  the  time  of  its  being  injected 
into  fissures.  So  much  we  can  say  in  the  present  instance,  that  the  ma- 
terial must  at  least  have  been  in  a  plastic  condition.  Not  only  does  the 
complete  filling  of  fissures  and  iuterstratal  openings  point  to  such  a  con- 
clusion, but  more  direct  evidence  is  also  not  wanting.  On  the  sides  of 
a  number  of  dikes  we  find  the  impression  produced  by  the  edges  of  strata 
formerly  in  contact  therewith.  In  other  words,  the  fissure  or  ''gash" 
in  the  sedimentary  rocks  may  be  termed  the  mould,  while  the  dike  itself 
is  the  cast  thereof.  Frequently  such  marks  are  so  well  preserved  that 
it  can  be  determined  whether  the  rock  inclosing  the  volcanic  material 
was,  for  instance,  sandstone  or  shale. 

Some  of  the  dikes  evidently  flowed  over  upon  the  surface  at  the  time 
of  eruption,  forming  small,  regular  hills  or  buttes.  More  frequently  caa 
this  be  observed  in  connection  with  those  filling  the  largest  fissures. 

Cpon  the  sedimentary  beds  and  their  absolute  position  this  eruption 
has  had  a  very  definite  effect.  It  has  raised  the  entire  mass,  a  prim^ 
has  produced  vertical  distention  by  entering  iuterstratal  fissures,  and 
has  resulted  in  horizontal  expansion.  Had  not  the  fissures  been  filled, 
many  or  most  of  them  would  have  closed  again.  As  the  separated  edges 
of  strata  were  kept  apart,  however,  by  the  lava,  which  soon  assumed 
rigidity,  the  primary  lateral  and  vertical  displacement  was  retained. 

It  is  apparent  that  so  singular  a  mountain-structure  must  manifest 
itself  in  a  marked  manner  on  the  exterior.  Viewing  Spanish  Peaks  from 
a  short  distance,  the  first  striking  feature  noticed  is  the  regularity  and 
sharpness  of  their  ridges.  Added  to  this,  we  observe  the  symmetry  of 
the  entire  structure  and  the  striking  singularity  of  minor  details.  Ex- 
amination develops  the  fact  that  nearly  every  one  of  the  ridges  leading 
to  the  summit  js  surmounted  by  a  dike.  This  dike,  together  with  the 
hardening  of  the  contiguous  strata  it  has  caused,  has  resulted  in  the 
formation  of  the  ridge  itself.  Due  to  the  regularity  of  the  radial  ar- 
rangement of  the  dikes,  therefore,  is  the  symmetrical  distribution  of  the 
ridges.  Between  the  ridges  the  sedimentary  material  has  not  been 
reached  by  the  power  of  metamorphosing  agents,  hence  has  readily  sac- 
cumbed  to  eroding  influence.  As  the  result,  we  find  deep  gorges,  grow- 
ing very  narrow  toward  the  bottom,  separating  the  individual  ridges. 

Among  all  the  mountains  that  have  come  under  my  observation,  none 
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bas  been  fraog^bt  witb  ibe  absorbiug  interest  presented  by  tbe  Spanish 
Peaks.  Not  only  have  we  before  us  a  volcanic  rock  of  most  peculiar 
type,  bat  we  have  an  opportnuity,  rarely  afforded^  to  study  directly  the 
moltiplicity  of  effects  produced  by  volcanic  action. 

Petrographically,  tbe  trachytes  of  tbe  Spanish  Peaks  belong  to  the 
great  class  that  is  so  well  characterized.  A  microcrystalline  paste  con- 
tains minute  crystals  of  black  mica.  Tbe  color  of  tbe  paste  varies,  but 
gr«iy  and  greenish  tints  predominate.  Opaque  crystals  of  wbite  oligo- 
clase  are  dispersed  tbrougbout  the  entire  mass.  In  sharp  contrast  to 
them  are  black  or  dark-green  acicular  crystals  of  bornbieude.  Minute 
grains  of  quartz  occur  sparingly,  and  probably  have  tbeir  origin  in  tbe 
sandstones  through  wbicb  the  lava  passed.  It  remains  to  establish  tbe 
relations  of  all  tbese  rocks  by  the  aid  of  the  microscope  more  definitely, 
bot  I  am  persuaded  that  the  correlations  thus  far  made  will  be  correct 
in  the  main* 

HUEBFANO  BEGION. 


*Rep.  U.  S.  Geol.  Sorv.,  1875,  p.  133. 
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The  Huerfano  region  stands  in  close  relation  to  tbe  Spanish  Peaks. 
As  belonging  to  one  group,  I  regard  the  Sbeep  Mountains  and  Muralla 
Peak,  south  of  Huerfano  River.*    Tbey  are  composed  of  porphyritic  . 

trachyte.    Yeta  Peak  is  tbe  most  southerly  one.    Drawing  a  line  along  ! 

its  crest,  it  will  strike  the  two  hills  fartber  north  in  a  direction  of  north 
210  west.  Altbough  tbere  is  no  apparent  connection  between  them 
above  ground,  they  are  so  completely  alike  in  every  respect,  tbat  I  as- 
sume a  continuity  of  the  volcanic  material  lower  down.  Muralla  Peak 
shows  a  number  of  dikes  radiating  from  its  centre.  They  have  given 
rise  to  tbe  formation  of  sharp  ridges  and  are  prominent  features  in  the 
laDdscape.  While  the  trachyte  of  Yeta  Peak  is  one  of  a  typical  char- 
acter,  that  of  Muralla  Peak  verges  closely  upon  basalt.  Bpt  few  segre- 
gated minerals  are  found  in  it,  and  those  only  of  very  small  size.  From 
the  intimate  association,  however,  and  the  relative  position  and  appear- 
ance of  this  rock,  I  refer  it  to  the  same  group. 

Badito  Peak,  at  the  southern  end  of  the  Greenhorn  Mountains,  be- 
longs to  the  same  class.  In  every  particular  is  it  conformable  with  the 
typical  occurrences.  A  number  of  dikes,  one  of  them  reaching  a 
length  of  13  miles,  occur  independently  in  the  same  region.  Porphyri- 
tic trachyte  composes  them,  and  some  of  them  bear  evidence  of  not 
having  reached  the  surface  at  the  time  of  eruption. 

That  entire  section  of  country  along  the  Huerfano  and  Gucharas  Riv- 
ers has  been  one  of  maximum  disturbance  during  the  Post-Gretaceous 
period.  It  is  highly  probable  that  the  time  of  eruption  will  fall  within 
the  Tertiary  period.  Enormous  forces  must  have  been  brought  to  bear 
in  order  to  produce  tbe  extensive  rents  that  we  observe  to-day.  Un- 
doubtedly many  of  the  flexures  of  sedimentary  strata  in  that  region  are 
due  to  volcanic  activity,  tbe  evidences  of  wbicb  are  not  brought  to  the 
surface  by  denudation.  It  seems  as  if  a  large  portion  of  tbe  strata 
Ijing  far  below  must  be  completely  reticulated  by  the  action  of  anarhac- 
tic  force.    That  but  a  small  portion,  comparatively  speaking,  of  the  ; 

power  employed  could  make  itself  felt  upon  the  surfiice,  may  safely 
be  assumed.  '  I 

LA  PLATA  MOUNTAINS.  ! 

The  La  Plata  Mountains  are  located  in  the  southwestern  portion  of  \\ 

Colorado,  at  tbe  headwaters  of  Bio  Mancos  and  Rio  La  Plata.    Mount  ■' 

Hesperus  is  the  highest  peak  of  the  group,  rising  to  an  elevation  of 
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13,135  feet.  Mr.  Uolines  bas  studied  this  (;roap  very  carcfnlly,  and  baa 
furuished  a  valuable  report  tbereon.*  To  the  eastward  of  Moant  Hes- 
perus is  Mount  Moss.  This  latter  is  composed  entirely  of  porphyritic 
trachyte,  while  the  former  is  formed  essentially  by  a  succession  ot  vol- 
canic and  sedimentary  beds.  Cretaceous  shales,  more  especially,  form 
the  main  bulk  of  sedimentary  material.  After  careful  study,  Mr. 
Holmes  prepared  an  ideal  section,!  which  presents  his  view  of  the 
action  that  produced  the  formation  of  this  mountain.  Either  the  force 
of  the  rising  volcanic  mass,  or  that  initiating  the  eruption,  has  forced 
the  sedimentary  strata  upward,  until  they  assumed  the  shape  of  a 
dome.  Vertical  dismption  and  parting  of  the  strata  has  resulted  there- 
from. Wherever  the  breakage  was  greatest,  there  the  largest  quantity 
of  volcanic  material  was  ejected.  It  was  forced  vertically  into  the 
j  fissures  formed,  and  laterally  into  the  interstratal  spaces.    Dikes  and 

I  interleaving  volcanic  rock  show  the  evidence  thereof.    Eventually  the 

dome  burst,  and,  through  gradual  denudation,  the  result,  as  observed 
to-day,  was  achieved.    Much  of  the  sedimentary  material  must  have 
been  broki^n,  and  could  offer  but  slight  resistance  to  decomposing  and 
•  eroding  agents. 

This  very  complete  intrusion  of  trachytic  rock  among  sedimentary 
beds  has  been  productive  of  thorough  metamorphosis.  The  network  of 
volcanic  sheets  envelops  so  large  a  proportion  of  sedimentary  beds, 
that  these  are  altered  to  a  high  degree.  Mr.  Holmes  cites  one  instance 
where  the  Cretaceous  shales  are  in  contact  with  the  trachyte  of  moaot- 
ains  south  of  Mount  Hesperus;  he  says:  ^'  The  exact  point  of  contact 
cannot  be  determined,  as  the  metamor'phism  has  been  so  complete  that 
the  shales  seem  to  change  gradually  into  trachyte."  Instances  of  this 
kind  are  not  rare  in  the  La  ('lata  Mountains.  They  argue  forcibly  for 
the  acceptation  of  a*very  high  degree  of  heat  which  the  trachyte  ranst 
have  possessed  at  the  time  of  its  ejection.  As  elsewhere,  under  similar 
circumstances,  the  shales  are  changed  into  argillites;  have  become  hard 
and  brittle.  Toward  the  exterior  portions  of  the  mountain -group  there 
are  nnmerous  dikes ;  metamorphosis  in  their  vicinity  is  thorough,  bat 
as  we  recede  from  them  we  gradually  find  the  unchanged  shales 
again. 

Regarding  the  trachyte,  which  composes  the  entire  mass,  it  may  be 
stated  that  many  varieties  are  found.  As  a  type  we  may  abcept  a  gray 
to  greenish  niicrocrystalline  paste,  with  numerous  opaque,  white 
crystals  of  oligoclase,  minute  crystals  of  black  mica  which  occur  spar- 
ingly, and  acicular  crystals  of  black  or  dark-green  hornblende.  At 
some  localities  the  trachyte  changes  into  a  crystalline  aggregate.  Tais 
is  owing,  so  far  as  can  be  determined,  to  the  fact  that  the  volcanio 
material  has  '^  absorbed  "  a  large  qaantity  of  the  rock  through  which  it 
passes.  Although  the  same  feature  may  be  noticed  elsewhere,  it  is 
rarely  so  fully  developed  as  here.  I  will  have  occasion  to  discuss  this 
more  fully  below. 

One  of  the  most  striking  occurrences  in  the  La  Plata  Mountains  is 
the  existence  of  metalliferous  veins.  They  occur  with  in  the  metamor- 
phosed area,  near  the  central  portion  of  the  mountains.  Probably  the 
fissures  containing  them  were  formed  at  the  same  time  with  those  nov 
filled  by  dikes  and  by  the  same  force.  Mr.  Holmes  observed  no  regu- 
larity in  their  arrangement,  however.  He  states  that  the  veins  frequently 
leave  the  metamorphic  and  enter  the  anchanged  sedimentary  areas, 
j  without  any  appreciable  alteration  of  course  or  other  characteristics. 

;  *  Rep.  U.  S.  Geol.  Surv.,  1875,  p.  268.  H^Ibid.,  p.2  70. 
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SIEBSA  EL  LATE. 

The  El  Late  Moantains  are*  located  in  the  extreme  southern  comer  of 
Colorado.  Mr.  Holmes  Tisited  and  examined  them  during  1875.  His 
report  thereon  is  thorough  and  replete  with  interest.*  Essentially  the 
genesis  and  present  structure  of  the  group  is  the  same  as  that  of  the 
La  Platas.  Ute  Peak  is  the  highest  mountain  of  the  El  Late.  Mr. 
Holmes  furnishes  a  very  lucid  explanation  of  the  primary  distribution  of 
the  porphyritic  trachyte.  He  assumes  an  ejection  through  a  narrow 
iissare  or  tube  in  the  bard,  underlying  sedimentary  beds.  Upon  reach* 
iDg  the  softer,  more  easily  yielding  Cretaceous  shales,  the  volcanic  ma- 
terial found  an  opportunity  to  expand  laterally.  An  arching  of  the 
shale  strata  was  formed,  and  during  the  passage  of  the  lava  these  were  . 
broken  into  innumerable  fragments.  Being  inclosed  in  the  hot,  viscous 
trachyte,  they  were,  in  part  assimilated  thereby,  in  part  very  thoroughly 
metamorphosed.  A  notable  fact  is,  that  fragments  of  no  other  rock 
than  of  shales  is  found  in  the  trachyte.  This  tends  to  show  that  the 
underlying  strata  were  either  very  little  broken,  or,  if  broken,  the  frag- 
ments have  been  so  thoroughly  altered  as  to  enter  into  the  composition 
of  the  trachyte.  This  latter  view  seems  probable  from  the  fact,  that 
Mr.  Holmes  observed  small  crystals  of  quartz  in  the  rock  from  Hermano 
Peaks.  At  that  point  the  rock  is  composed  of  a  bluish-gray  micro- 
crystalline  paste,  with  large  crystals  of  white  oUgoclase.  Crystals  of 
sanidite  occur  sparingly  and  are  very  minute.  Acicular  crystals  of  a 
green  amphibolite  are  dispersed  throughout  the  entire  mass. 

A  number  of  dikes  are  in  connection  with  the  group,  some  of  them 
extending  for  considerable  distance.  Viewed  as  a  whole,  the  mountain 
group  does  not  appear  so  much  as  the  result  of  one  massive  outpouring 
of  volcanic  material,  but  as  a  distention,  on  a  large  scale,  of  sedimentary 
beds  by  the  intrusion  of  trachy  tic  masses.  Tbe  type  is  expressed  in  this 
mountain  group  as  well  as  in  the  La  Platas,  and  is  one  that  may  be  regarded 
as  a  standard  for  eruptions  of  porphyritic  trachyte.  Distinct  in  all 
minor  details  from  other  ejections  of  volcanics,  they  present  a  class  that 
cannot  be  mistaken  if  once  the  genesis  and  structure  is  recognized.  It 
seems  probable  that  eventually  groups  of  mountains  that  now  are  not 
fally  understood  will  be  referred  to  this  class. 

SAN  MIGUEL  aBOUPS. 

Mount  Wilson  Group. — The  highest  of  all  isolated  trachytic  groups  is 
that  containing  Mount  Wilson.  Bising  from  a  base  of  about  8,000  feet, 
this  peak  reaches  an  altitude  of  14,280  feett  During  the  season  of 
1874 1  visited  the  locality,  after  having  seen  the  enormous  outflows  of 
volcanic  material  to  the  east  and  northeast.  This  group  stands  per- 
fectly isolated  at  present,  but  I  am  inclined  to  assume  a  former  connec- 
tion to  tbe  eastward.  So  far  as  could  be  determined,  a  portion  of  the 
base  of  the  mountains  is  formed  by  trachyte  No.  3.  Porphyritic  tra- 
chyte has  broken  through  this,  however,  and  occupies  the  most  central 
poHitions.  We  have  in  this  instance  a  more  complete  type  of  eruption 
than  is  generally  observed  among  the  rocks  of  this  class.  This  fact  may 
acconnt  for  the  superior  height  of  the  main  peak.  Dikes  occur  in  con- 
nection with  tbe  main  mass,  and  the  characteristic  dome-shaped  curv- 
ing may  be  noticed.  It  seems,  however,  as  if  the  force  projecting  the  , 
volcanic  material  upward  had  been  one  so  severe  that  ruptures  imme-  '! 
(liately  took  place  sufficiently  large  to  allow  the  passage  of  enormous 
amounts  of  the  lava. 

*  £ep.  U.  8.  Qeol.  Surv.,  1875,  p.  272.  t  Bep.  8.  U.  Geol.  Sarv.,  1874,  p.  207.  Ij 
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Dolores  Peak  and  Lone  Cone. — Af r.  Holmes  farDishes  a  section  extend- 
ing from  Mount  Wilson  to  Dolores  Peak  and  thence  to  Lone  Cone.* 

From  this  it  woald  appear  that  both  are  essentially  bnt  a  continaa- 
tion  of  the  Monnt  Wilson  upheaval.  The  trachytic  mass  has  penetrated 
the  older  mesozoic  beds,  has  broken  through  the  massive  Dakota  sand- 
stones, and  finds  an  opportunity  for  lateral  expansion  in  the  Middle  Cre- 
taceous shales.  Dikes  and  intrusive  sheets  of  volcanic  material  are 
not  wanting.  The  latter  appear  either  as  interbedded  or  in  the  form  of 
wedges. 

Viewed  as  a  whole,  the  three  eruptions  undoubtedly  belong  together. 
They  occur  in  approximately  a  straight  line,  and  their  general  as  well 
as  detail  character  is  perfectly  conformable.  It  is  a  significant  fact 
that  mainly  the  Middle  Cretaceous  shales  are  made  the  recipients  of 
lateral  intrusion.  Evidently  the  lower  sandstones  did  not  offer  the  same 
facilities.  Whether  this  may  be  the  result  of  pressure  produced  by  the 
I  superincumbent  strata,  or  whether  the  uplifting  force  was  not  sufficient 

I  to  produce  a  parting  of  the  beds,  is  a  question  for  investigation.    R 

seems  a  very  difficult  matter  to  measure  the  relative  power  of  the  force 
employed,  but  phenomena  of  this  character  may  eventually  furnish  some 
tangible  clue. 

Bear  River  Mountains. — ^A  portion  of  the  Bear  Biver  Mountains  may 
be  said  to  belong  to  the  porphyritic  trachyte  group.    During  1874  I  vis- 
ited the  eastern  part  and  found  rocks  that  must  be  referred  theretct 
I  A  mountain,  upon  which  Station  36  was  made,  rises  to  an  altitude  of 

12,554  feet,  and  may  be  considered  as  the  main  point  of  outflow.  From 
there  the  trachyte  has  spread  over  Carboniferous  sandstones  to  the  wes^ 
ward,  over  Middle  Cretacious  shales  to  the  east.  Instances  of  intrusion 
were  observed  at  several  points.  One  was  noticed  in  particular  where 
tbe  trachyte  appeared  as  directly  interstratifled  with  red  Carboniferous 
sandstones.!  Near  the  top  the  intrusive  sheets  are  wedge-shaped,  bat 
lower  down  they  closely  resemble  interstrata.  I  am  inclined  to  tbe 
opinion  that  we  there  have  one  of  those  instances  that  shows  only  a 
small  portion  of  the  volcanic  rock  on  the  surface,  while  the  main  mass 
remains  buried.  Considerable  disturbances  from  the  normal  position 
have  been  produced  by  this  series  of  intrusions,  although  no  striking 
forms  have  resulted  therefrom.  Ro  far  as  seen,  there  was  but  little  dis- 
turbance of  the  Cretaceous  shales,  owing,  perhaps,  to  the  fact  that  they 
are  a  short  distance  removed  from  the  centre  of  ejection.  Much  de- 
nudation and  erosion  has  taken  place  at  that  locality,  and  at  some 
points  has  brought  to  light  portions  of  formerly  hidden  volcanics. 

At  Station  36  the  rock  is  very  characteristic.  A  grayish-green  micro- 
crystalline  paste  contains  innumerable  crystals  of  opaque,  white  oligo- 
olase,  giving  the  trachyte  the  appearance  of  a  very  uniform  pudding- 
stone.  Small  acicular  crystals  of  green  and  black  hornblende  are  dis- 
persed throughout  the  paste.  A  short  distance  from  the  station  tbe 
rock  represents  a  type  that  isfrequently  found  in  connection  with  porphy- 
ritic trachyte.  An  almost  white  micro-crystalline,  feldspathic  paste 
contains  minute  crystalsof  transparent  oligoclase,  and  very  smaJl  crystals 
of  a  brown  mica.  It  is  highly  probable  that,  were  we  able  to  go  to  any 
considerable  depth,  we  would  find  the  oligoclase  to  be  transparent 
throughout.  The  opacity,  which  it  shows  near  the  surface  is  most  likely 
\  due  to  a  partial  alteration  into  caolinite.    Oligoclase  readily  changes 

j  upon  exposure,  particularly  in  regions  of  varying  temperature. 


■ 
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SIEBBA  LA.  SAL. 

The  Sierra  La  Sal,  or  Salt  MoautalDS,  is  properly  composed  of  three 
groups,  with,  as  Dr.  Peale  says*,  '<  sedimentary  saddles  separating  three 
eruptive  centres."  During  1875  he  visited  that  region  and  examined 
carefoUy  the  structare  of  the  moantains.t  Bising  to  a  relative  elevation 
of  8,000  to  8,500  feet  above  the  adjoining  river-valleys,  these  mountains 
are  located  just  west  of  the  western  boundary  of  Colorado,  at  about 
Dorth  latitude  38o  30^. 

The  entire  structure  of  the  mountains  is  a  simple  one,  being  mainly 
a  vertical  eruption  along  aline  trending  approximately  north  and  south. 
2^ewberry  in  1859  already  noticed  the  probable  eruptive  character  of  the 
group  and  compared  it  to  that  of  the  Sierra  Abajo.l  From  Dr.  Peale's 
sections,  it  appears  that  the  La  Sal  Monntaius  owe  their  formation  to  the 
same  process  that  caused  the  elevation  of  the  La  Platas  and  other 
closely-related  groups.  Instead  of  having  but  one  fissure  for  the  ejec- 
tion of  the  main  mass  of  volcanic  material,  we  find  two,  running  paral- 
lel, in  the  middle  and  northern  groups.  This  is  accompanied  by  a  varia- 
tion from  the  simple,  dome-shaped  flexure  of  the  sedimentary  strata. 
Most  strikingly  is  this  demonstrated  in  the  middle  group.  There  we 
find  two  mountains,  both  of  them  of  nearly  13,000  feet  altitude.  While 
the  Lower  Cretaceous  strata  dip  away  both  to  eastward  and  westward  of 
the  entire  group,  they  have  been  raised  to  a  considerable  elevation  be- 
tween these  two  mountains.  At  present  they  form  a  saddle  between 
them,  and  are  curved  in  the  form  of  a  synclinal  fold.  Evidently  the 
force  exerted  in  either  mass  of  volcanics  was  not  sufficiently  great  to 
carry  it  high  enough  to  obliterate  this  remnant  of  sedimentary  strata. 
Triassic  and  Jurassic  beds  have  been  severely  affected  by  the  trachytes 
and  their  eruption.  Metamoiphosed  fragments  testily  to  the  heat, 
while  broken  and  disrupted  strata  indicate  the  enormous  force  employed. 

Interleaving  of  volcanic  material  with  sedimentary  beds  may  be  ob- 
served near  the  junctionsof  the  main  fissures  with  the  edgesof  strata  torn 
apart.  Apparently  the  Palaeozoic  groups  take  part  in  the  general  flexure 
of  strata,  indicating  the  deep-seated  source  whence  the  trachytes  were 
derived. 

The  rocks,  so  far  n;S  observed^  agree  closely  with  those  from  other 
localities  belonging  to  the  same  class.  Unfortunately  the  specimens 
were  lost,  but  sufficiently  detailed  examinations  had  been  made  in  the 
field  to  establish  their  character. 

SIERBA  ABAJO. 

The  Sierra  Abajo  was  visited  by  Mr.  Holmes  during  1870,  and  his  re- 
port thereon  is  published  in  this  volume,  pp.  189, 193.  Dr.  Peale  gives  a 
short  synopsis  of  its  character,!  which  shows  it  to  be  perfectly  conforma- 
ble in  itsfeatures  with  the  other  groups  composed  of  porphyritic  trachyte. 
The  range,  if  it  may  be  so  called,  is  situated  due  west  of  the  San  Miguel 
Mountains,  at  about  north  latitude  37o  50',  west  longitude  109^  30^.    A  J. 

namber  of  prominent  points  compose  the  group.    Evidently,  as  in  other  J 

regions  of  similar  construction,  the  lava  has  been  ejected  through  one  or  j: 

JDore  fissures,  and,  upon  reaching  the  yielding  Cretaceous  shales,  has 
spread  laterally.    Thus  intrusive  masses  are  formed,  similar  to  those  [; 

•Ball.  U.  8.  Geol.  Snrv.,  1877,  No.  3,  vol.  iii,  p.  558.  ,  • 

t  Eep.  U.  S.  Geol.  Snrv.,  1875,  p.  59. 


t  Ezpl.  Exp.,  by  J.  N.  Maoomb,  1859, 1876,  p.  93. 
i  BaU.  U.  8.  Geol.  Sarv.,  vol.  iii,  No.  3,  p.  558. 
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observed  elsewhere.  Dikes  have  been  formed,  traversing  the  sedimcDt- 
ary  strata^  and  composed  of  the  same  material  that  is  shown  in  the  mai 
mass.  Newberrjf  in  1859,  recognized  the  local  ernptive  character  of  th 
group.*  Although  the  Sierra  Abajo  is  not  within  the  limits  of  Colorado, 
its  relations  with  Colorado  groups  are  so  striking  that  a  brief  meutio 
has  here  been  made. 

SIEBBA  OABBISO. 

This,  like  the  preceding,  is  not  situated  in  Colorado,  but  in  the  ex« 
treme  northeastern  corner  of  Arizona.  It  is  similar,  in  every  respect,  to^ 
the  El  Late  Mou7:tains.  Mr.  Holmes  visited  it  during  1875,  and  pub- 
lished an  interesting  account,  t  The  highest  points  of  this  group  rise  to 
an  altitude  of  9,000  feet,  the  most  elevated  of  which  has  been  named 
Mount  Pastora.  Here,  as  in  the  other  groups,  porphyritic  trachyte  has 
found  its  way  through  the  superincumbent  sedimentary  strata,  and  has 
spread  out  laterally,  upoa  reaching  such  strata  as  would  i>ermit  its  ez« 
pansion.  It  is  highly  probable  that  but  a  limited  quantity  of  the  lava 
originally  reached  the  surface,  but  that  subsequent  erosion  removed  the 
Cretaceous  beds,  thus  exposing  the  trachytes.  Mr.  Holmes  has  observed 
a  very  curious  occurrence  in  connection  with  the  Can-iso  group.  He 
finds  that  the  Cretaceous  sandstones  show  a  flexure  which  indicates  the 
primary  formation  of  either  an  arch  or  a  ^ome.  Covering  these  strata 
are  layers  or  flows  of  trachyte  that  ^'  are  also  flexed  with  the  sandstones, 
and  appear  as  if  they  might  at  one  time  have  formed  part  of  the  arch.^ 
Two  explanations  present  themselves  for  this  phenomenon  : 

(1.)  The  eruption  of  volcanic  material  may  have  been  spasmodic 
Long  periods  of  time  may  have  elapsed  between  the  successive  ejections 
of  lava. 

(2.)  The  overlying  trachytes  may  form  an,  originally,  intrusive  sheet. 
In  this  case  the  higher  beds  of  sedimentary  strata  have  been  removed 
by  erosion. 

I  am  inclined  to  this  latter  view,  from  the  fact  that  at  most  localities 
the  eruption  of  porphyritic  trachyte  appears  to  have  progressed  without 
any  appreciable  intermission,  and  because  there  is  ample  evidence  of 
extensive  erosion. 

Huge  fragments  of  the  sedimentary  material  have  been  carried  upward, 
together  with  the  lava,  and  now  present  the  characteristic  metamor- 
phoses observed  at  so  many  points.  Portions  thereof  have  undoubtedly 
entered  the  t^^hyte,  thus  changing,  to  a  certain  degree,  its  composition. 

With  the  Sierra  Carriso  ends  the  discussion  of  such  groups  as  have 
been  referred  directly  to  the  porphyritic  trachytes.  It  remains  to  sum- 
marize the  results,  and  treat,  more  connectedly,  of  the  various  unique 
features  belonging  to  these  groups. 

EfiSUME  OF  PORPHYRITIC  TRACHYTE. 

I. — ^LOCATION. 

From  the  preceding:  pages  it  will  be  observed  that  the  most  noticeable 
feature  of  the  location  of  groups  referable  to  porphyritic  trachyte  is 
that  of  isolation.  None  of  them  are  in  direct  connection  with  any  mount- 
ain range  or  groups.  They  stand  in  no  intimate  superOcial  relation  with 
other  ei  uptious,  whatever  might  be  their  associations  near  their  sources. 
Without  exception,  almost,  they  are  surrounded  by  sedimentary  beds. 

•Rep.  Expl.  Exp.  J.  N.  Macomb,  1859,  187G,  p.  100. 
tUep.  U.  S.  Geol.  Surv.,  1875,  p.  274. 
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It  may  be  noticed  that,  in  a  general 
KobiDed  strike  parallel  to  tbe  main  8l 
'  tbe  Uncompahgre  aad  San  Jaan 
VDps  not  far  distant  from  tlie  main  v 
•Mg  at  angles  approximating  90°  the: 
lat  are  located  for  off  have  a  trend  m 
Jigement,  tbongli  the  connection  may 
instaot,  aad  must  therefore  have  soioi 
16  two  claases  of  emptives. 

*n.— PHYSICAL  Af 

Dependent,  in  a  measure,  apon  their 
lee  presented  by  these  groups.  Th< 
titades  from  the  comparatively  low  co 
'iisou  reaches  tbe  highest  elevation 
e  Spanish  Peaks.  In  conformity  wit 
mposed  of  porphyritic  trachyte  show 
geoeral  view,  they  may  be  described 
>oi  the  level  of  the  sarroanding  com: 
i  tbe  peaks.  Erosion  has  been  pi 
idges  and  sjmrs  leading  ap  to  the  hif 
Tj  often  falling  off  precipitoasly  on  e 
«able,  especially  near  the  tops  of  thi 
entof  the  most  prominent  points  mt 
tbe  points  or  Assures  of  ontdow.  V 
caps,  and  within  their  limits,  the  dil 
nns.  Walls,  or  isolated  masses  of  i 
lis  denote  their  presence. 
Usaally  the  colors  exhibited  by  the  i 
(1  and  green  are  not  wanting,  howevf 
ly^en-compounds. 

The  entire  habitat  of  the  porpbyritj 
af,  if  once  seen,  it  will  rarely  be  forg 
BDtioDe<l  above  combine  to  produce  a 
■wrvable  in  the  same  region. 

III.— STEUC 

Two  types  of  structure  may  be  distil 
(1.)  Uonntains,  or  groups  of  tnouuta 
deDnite  arrangement  of  numerous  di 
(3.)  Large  masses  of  volcanic  materi 
'  more  ajMirtures,  have  been  nccompai 
ice,  prodnciug  arched  or  doue-shapi 
Hi  have  formed,  aided  by  erosion,  mo 
To  the  first  series  belong  such  ocean 
'est  Spanish  Peak,  Park  View  Moun 
radial  arrangemeut  of  fissures  was  si 
sterial.  While  breaking  up,  in  par 
bicb  the  lava  passed,  it  has,  at  other 
lly  to  withstand  erosive  induences. 
Attbongh.it  cannot  be,  and  ia  not,cl[ 
ired  the  present  relative  eleviillon 
^ry  important  factor  in  their  genesis, 
au  of  tbe  dikes  has  resulted  in  tbe 
16  G 
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points  especially  capable  of  Tesisting  disiDtegration.  Sharp  poiuts  on 
ridges  or  even  isolated  bills  iu  the  adjoiuing  valleys  indicate  their  po< 
sition. 

This  system  of  mountain  structure  is  one  that  has  not  heretofore  been 
observed,  so  far  as  I  am  aware.  Until  it  was  pointed  out  iu  the  por< 
phyritic  trachyte  groups  it  had  not  appeared  elsewhere.  Perhaps  the 
best  locality,  one  where  it  may  be  studied  together  with  its  most  sac* 
cessful  results,  is  that  of  the  Spanish  Peaks. 

On  a  more  extensive  scale  than  the  preceding  series  is  the  second 
one.  Although  here,  too,  the  dikes  enter  very  largely  into  considera- 
tion,  they  are  of  put  secondary  importance.  Begarding  the  stracture 
schematically^  we  may  state  tl  at  in  this  instance  the  volcanic  material 
is  contained  mainly  at  or  near  the  surface. 

Having  passed  upward  through  fissures  or  tubes  formed  in  compara- 
tively hard  strata,  the  lava  finds  such  that  will  yield  to  lateral  compres- 
sion and  to  vertical  separation  caused  thereby.  This  permits  a  horizontal 
ezpansionof  the  lava.  As  compared  with  the  preceding  group,  this  form 
may  be  considered  the  more  complete.  In  the  one  case  all  the  volcanio 
material  is  still  confined  within  the  limits  of  the  original  apertures  of 
emission,  while  in  the  ^other  secondary  openings  are  formed  permitting 
the  entrance  of  foreign  matter. 

In  many  instances  it  may  remain  a  question  in  doubt  whether  any 
but  a  very  small  portion  of  the  lava  originally  reached  the  sarfAGe. 
Primarily  it  would  appear  as  if  this  questipn  might  readily  be  decided 
by  the  shape  of  the  mountain  or  mountain- group.  Upon  examination, 
however,  this  involves  many  considerations.  Wherever  flows  have  efk- 
tended  from  the  central  regions  of  outflows,  covering  such  strata  as 
were  exposed  at  the  time  of  eruption,  there  is  no  difficulty  in  making  a 
determination.  Denudation  may  produce  an  effect  easily  mistaken  for 
surface-flows*  Erosion  and  disintegration  subsequent  to  exposure  will 
produce  results  that  may  defy  the  recognition  of  the  original  couditioQ 
of  the  portions  involved.  From  this  it  may  be  seen  that  very  few  ap- 
plicable data  can  be  obtained  whereupon  to  base  any  opinion  per- 
tinent to  the  question.  While  we  have  evidence  that  the  sedimentary 
beds  have  been  arched  to  a  very  considerable  elevation  (Sierra  La  Sal) 
and  have  sustained  but  few  ruptures,  it  seems,  a  priori^  improbable  that 
such  should  be  the  case  in  all  instances.  Oradual  denudation  can  re- 
move enormous  quantities  of  material.  It  is  not  to  be  supposed,  how- 
ever, that  it  would  remove  a  sufficient  thickness  of  strata  to  permit  the 
assumption  that  most  of  the  groups  were  formerly  covered  by  sedimen- 
tary deposits.  The  flexure  of  strata  in  the  cases  of  the  eruptions  under 
consideration  is  established.  It  seems  probable,  therefore,  from  the 
very  magnitude  of  the  arches,  that  they  broke  at  the  points  or  along 
the  lines  of  weakest  resistance,  thus  permitting  an  emission  of  large 
quantities  of  the  lava.  As  a  rule,  I  think  we  may  state  that  the  cen- 
tral portions  of  the  groups  reached  the  surface,  but  that  much  of  the 
lateral  material  now  exposed  was  formerly  hidden  under  a  mass  of  sedi- 
mentary rocks.  This  will  apply  equally  to  nearly  all  of  the  groups  ob- 
served. 

nr.wBELATIONS  TO  SEDIHENTABY  FOBMATIONS. 

Groups  of  fountains  composed  of  porphyritic  trachyte  are  found 
mainly  in  regions  exhibiting  Cretaceous  beds.  Among  sueh  we  count 
all  the  more  westerly  ones.  A  partial  exception  is  made  by  West  Span- 
ish Peak.  There  the  trachyte  has  mainly  broken  through,  and  is  con- 
tained in  fissures  formed  in  Carboniferous  strata.    At  a  few  localities  it 
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vas  observed  that  the  Palaeozoic  beds  were  disturbed.  Triassic  and 
Jorassic  strata  are  more  frequently  affected.  Lower  Cretaceous  sand- 
stones are  broken  through,  and  are  at  many  places  altered  into  quartz- 
ite&  The  largest  amount  of  disturbance  the  Middle  Cretaceous  shales 
have  suffered.  They  have  been  distorted;  their  normal  position  has 
been  infringed  npon  by  the  trachytic  lavas  until  both  horizontal  and 
vertical  displacements  have  occurred.  Within  the  limits  of  the  Middle 
Cretaceous  shales  we  find  the  greatest  development  of  the  trachytic 
masses.  Offering  less  resistance  than  underlying  beds,  partly  from 
their  position,  partly  from  their  texture,  they  have  been  penetrated 
largely  by  the  lava.  Mainly  in  an  approximately  horizontal  direction 
has  this  penetration  taken  place.  To-day  we  find  its  evidence  in  the 
bage  sheets  and  wedges  of  porphyritic  trachyte  that  interleave  the 
shales. 

At  several  localities  Post-Cretaceous  strata  are  traversed  by  dikes  be- 
longing to  this  group.  They  are  not  separable  therefrom,  either  in  the 
character  of  their  occurrence  nor  in  their  petrographic  constitution. 

V. — ^INPLUENOE  UPON  SEDIMENTARY  STRATA. 

The  influence  of  the  porphyritic  trachytes  npon  sedimentary  rocks  is 
dependent  upon  the  primary  effect  produced  thereupon.  The  question 
referring  to  the  great  displacements  of  strata  does  not  enter  into  con- 
sideration at  this  place.  We  here  consider  only  that  produced  by  the 
contact  with  each  other.  This  may  be : 
^  (1)  Preserving,  or 

(2)  Destroying. 

From  numerous  observations  it  has  been  learned  that  the  effect  of  the 
hot  lavas  npon  sedimentary  rocks  has  been  such  as  to  metamorphose 
them.  This  is  aC/Complisbed  in  a  very  direct,  uniform  manner,  but  its 
results  differ  somewhat.  We  find  that  by  the  action  of  heat  sandstones 
have  been  changed  into  hard  quartzites,  and  even  into  aggregates 
closely  resembling  granites.  We  find  argillaceous^  partly  dolomitic 
Bhales  transformed  into  rocks  that  the  experts  would  term  micaceous 
whists.  Shales  and  marls  are  altered  into  argillites  and  porcelain  jas- 
per. In  case  the  cohesion  of  the  entire  mass  is  not  destroyed,  this  pro- 
cess has  been  a  preserving  one.  Instances  do  occur,  however,  where 
the  unity  of  the  mass  has  been  broken  up,  where  the  result  of  heat  upon 
the  strata  was  such  as  to  render  them  more  effectually  attacked  by  erod- 
ing agents.  This,  in  one  sense,  may  be  characterized  as  destruction  of 
the  strata. 

I  have  in  view,  however,  still  another  process  by  which  the  destruc- 
tion of  originally  unchanged  sedimentary  rocks  is  accomplished.  This 
is  due  to  the  action  of  fusion.    The  products  thereof  I  name 
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SYMMOKPniC*  BOCKS. 

In  passing  through  the  fissures  in  sedimentary  strata,  the  lavas  of  this 
Phytic  group  have  frequently  enveloped  fragments  thereof  of  more  or 
^  weight,  and  have  carried  them  along.  Such  fragments  can  often 
be  found  in  a  metamorphosed  condition.  Taking  the  case  that  they 
^ere  small,  though  numerous  perhaps,  it  is  easy  to  see  that  they  might 
^  entirely  assimilated  by  the  hot  lava  inclosing  them.    This  would 

'NoTB. — I  have  coined  this  word  to  express  what  is  described  in  the  subjoined  page. 
It  seems  essential,  and  is  certainly  more  convenient  for  descriptive  purposes,  to  sepa- 
^te  80  interesting  a  group  by  a  definite,  expressive  term. — £ 
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produce  a  change  Id  the  chemical  composition  of  the  rocks.  Upon  ex« 
amination  it  will  be  foand  that  sach  a  change  can  be  observed  in  many 
of  the  dikes.  It  stands  in  direct  proportion,  so  far  as  known,  with  tfaic 
chemical  composition  of  the  strata  traversed.  Dr.  Peale  and  Mr.  Holmei 
have  collected  specimens  from  the  Western  gronps  of  porphyritic  tra- 
chytes that  defy  identification  by  a  liUiologist.  It  was  found  in  snc^ 
instances,  upon  partial  examination  only,  that  the  rock  contained  con* 
siderable  quantities  of  the  main  constituents  shown  by  soch  strata 
as  it  had  passed  through.  Thus,  for  instance,  one  specimen  from  i 
dike  contained  carbonate  of  lime.  Investigations  being  made,  it  was 
found  to  penetrate  a  series  of  calcareous  shales.  It  is  evident  that  the 
calcium  could  not  at  first  have  been  assimilated  as  a  carbonate.  It  was 
taken  up  as  a  carbonate,  turned  by  heat  into  calcium  oxide,  and  remained 
i  as  such  until  percolating  waters  and  exposure  to  atmosphere  enabled 

I  it  to  acquire  a  sufficient  amount  of  carbonic-acid  gas  again  to  form 

carbonate  of  lime.  Many  similar  instances  have  been  observed,  show- 
ing how  widely  spread  this  assimilation  is.  It  remains  to  be  stated  that 
no  ultimate  chemical  examinations  have  been  made  of  these  cases  as  yet, 
or  more  definite  results  would  be  presented. 

Clearly  the  opportunity  for  assimilating  such  foreign  material  is 
greatest  in  a  narrow  fissure.  In  proportion  the  volcanic  lava  has  ex« 
posed  to  its  action  a  &r  greater  surface  of  unchanged  rock.  Its  narrow 
width  will  more  readily  permit  a  thorough  permeation  of  the  entire  mass, 
and  its  peculiar  methods  of  cooling  may  be  productive  of  more  striking 
results.  In  dikes,  therefore,  rather  than  in  the  large  masses  of  vol- 
canicSf  must  we  look  for  the  variations  produced  by  the  foreign  matter 
entering  into  the  composition  of  the  erupted  material. 

As  the  result  of  additional  quantities  of  silica,  alumnia,  lime,  mag- 
nesia, and  otlier  constituents,  from  the  source  above  described,  totally 
changes  the  original  character  of  the  lava,  I  comprise  the  series  under 
the  name  of  ^^  symmorphic  "  rocks. 

VI.— COBBBLATIOX  WITH  OTHEB  BBUPTrVBS, 

Viewed  in  their  character  as  eruptivesi  the  x>orphyritic  trachytes  may 
be  compared  to  the  granites  of  the  Elk  Mountain  region.  Both,  are 
isolated,  both  have  broken  through  sedimentary  strata — probably  at  or 
after  the  close  of  the  Oretaceous  period.  Both  classes  of  occurrences  are 
accompanied  by  disturbances  of  the  sedimentary  beds.  Dr.  Peale*  has 
described  them  both  in  the  same  paper,  and  points  out  their  analogies 
and  dissimilarities.  He  has  seen  the  most  typical  points  of  either  class, 
and  is  competent  to  judge. 

So  fi%r  as  I  can  determine,  there  is  no  direct  correlation  between  the 
eruptions  of  the  group  under  consideration  and  the  great,  massive 
eruptions  of  the  Uncompahgre,  San  Juan,  or  other  regions.  I  consider 
it  highly  probable  that  there  is  a  chronological  and  dynajnical  con- 
nection, but  none  that  appears  as  such  at  the  present  time.  From  all 
that  can  be  learned  the  eruptions  of  porphyritic  trachytes  occurred  veiy 
near  the  time  that  we  must  assume  for  those  of  rhyolite,  prior  to  basalt 
I  am  unable  to  state  which  of  the  two,  rhyolite  or  porphyritic  trachyte, 
should  be  regarded  as  the  older.  In  mineralogical  constitution  the 
rocks  of  the  latter  group  have  a  general  resemblance  to  trachyte  proper; 
less  so  to  rhyolite.  The  lower  percentage  of  silica,  and  its  usual 
absence  as  such,  constitute  a  considerable  portion  of  the  similaritj. 
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Jree  silica  has  n<^  very  often  been  observed  in  the  porphyritic  trachytes, 
iod,  whenever  found,  the  suspicion  lay  neur  at  hand  that  it  might  have 
Iippn  received  during  the  passage  ^f  the  lava  through  some  highly 
piceous  stratum.  In  consequence  of  their  greater  direct  affinities  to 
liacbyte,  I  have  placed  them  so  as  to  precede,  in  age,  the  rhyolite  in  the 
$Bnt  table,  but  have  reversed  this  succession  in  the  discussion,  in  order 
lo  give  expression  to  my  doubts.  !Nowhere  were  rocks  of  this  group 
Soand  in  sufficiently  intimate  contact  with  the  younger  trachorheites  to 
idmit  of  any  definite  interpretations  of  their  relations.  One  feature 
my  be  regarded  as  distinctive,  however.  While  the  trachorheites  are 
mially  found  to  have  their  origin  in  regions  occupied  by  motamorphic 
rKMiks,  the  por|)hyritic  trachytes  are  found  in  sedimentary  areas.  This 
irgaes  an  inference  that  enters  into  consideration  in  the  study  of  their 
^gioal^onrces. 

vn.— AGE. 

A  certain  amount  of  definite  information  has  been  collected  with  ref- 
eKDce  to  the  age  of  the  x)orphyritic  trachytes.  It  has  been  mentioned 
Ibove  that  they  are  found  mainly  in  Cretaceous  areas.  At  Park  View 
HoQDtain  and  south  of  Spanish  Peaks  dikes  formed  of  it  cut  through 
Post-Cretaceous  strata  (liguitic  series).  I  am  not  aware  that  any  strata 
yoQoger  than  these  have  l^n  traversed  by  them.  As  these  occurrences 
are  thoroughly  characteristic  at  both  localities,  and  as  their  connection 
vith  the  entire  group  has  been  satisfa^ctorily  established,  we  may  regard 
the  period  of  eruption,  as  falling  very  near  the  beginning  of  the  Tertiary 
e[K)ch.  I  am  inclined  to  regard  it  as  rather  belonging  to  an  era  after  the 
begiouing  of  Tertiary  sedimentation.  As  each  of  these  formations  re- 
quired enormously  long  periods  of  time  for  its  deposition,  we  are  not 
enabled  to  make  an  assertion  that  would  confine  the  eruptions  within 
narrow  chronological  limits.  Large  masses  of  Tertiary  beds  may  have 
elsewhere  been  deposited  while  the  region  exhibiting  volcanic  activity 
had  not  yet  been  invaded  by  water  or  sediment. 

BASIC  VOLCANIC  ERUPTIVES. 

I 

\        ' 

\  DOLERITE. 

I 

I    Among  all  the  volcanic  rocks  in  Colorado  dolerite  occupies  the  least 

I  prominent  position.    Most  likely  many  of  the  rocks  that  are  classed 

with  the  basalts  should  properly  be  referred  to  dolerites.    It  is  a  matter 

of  some  difficulty  to  separate  the  two  in  the  field ^  however,  owing  to 

I  their  mode  of  occurrence  and  to  the  similarity  of  lithological  constitu- 

i  tioD.    Perhaps  the  best  criterion  for  separation  of  the  two  may  be  the 

I  presence  of  olivine  in  the  basalts,  and  this  has  been  made  the  basis  for 

I  discrimination  in  the  subjoined  pages.    Although,  at  first  glance,  the 

^  occurrence  of  olivine  might  seem  to  afiTord  a  positive  element  of  recog- 

nitioD,  the  decomposition  and  eventual  disappearance  of  this  mineral 

I  greatly  increases  the  difficulty.    Were  it  possible  to  employ  microscopic 

tests  in  every  instance,  but  little  doubt  could  remain  as  to  the  true 

i  character  of  the  rock.    It  is  evident,  however,  that  this  means  can  be 

employed  in  isolated  cases  only,  and  we  are  forced  to  base  opinions  upon 

less  reliable  bases. 

I  Dolerite  occurs  in  the  Uncompahgre  group  in  small  quantities,  associ- 
ated with  basalt.  The  connection  of  the  two  is  so  intimate,  and  the 
former  occurring  in  so  subordinate  a  position,  that  they  could   not 
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well  be  separated.  By  far  tbe  largest  masses  found  were  observed  b; 
Mr.  Marvine  in  doleritic  breccia.*  In  the  region  of  the  Hot  SpringSi 
Middle  Park,  Marvine  observed  heavy  beds  of  doleritic  breccia  ander- 
lying  strata  belonging  to  the  PostGreta(seons  lignitic  series.  Their 
maximum  thickness  is  800  to  900  feet.  So  far  as  could  be  determinedi 
this  conglomerate  must  have  been  derived  from  former  extensive  de- 
posits of  dolerite  and,  in  part,  basalt.  The  rocks  are  cbaracteristic,  are 
water-worn,  and  deposited  analogous  to  true  sedimentary  beds.  Their 
relative  position  changes  somewhat  at  different  localities,  but  asually 
they  occupy  a  definite  horizon.  Most  likely  the  material  was  ejected 
prior  to  the  eruption  of  the  main  mass  of  basalts,  and  an  extensive 
action  of  erosion  has  early  produced  the  effects  we  now  observe.  This 
is  the  chief  occurrence  of  dolerite  in  Colorado,  though  I  do  not  doubt 
that  upon  careful  investigation  certain  groups  heretofore  refiSrred  to 
basalt  will  be  resolved  into  dolerite  and  diabase. 

BASALT. 

Basalt  occurs  at  many  localities  throughout  the  State.  It  is  found  in 
varying  quantities  and  of  different  methods  of  occurrence.  Similar  to 
trachyte,  it  takes  a  prominent  part  in  shaping  the  exterior  features  of 
the  country.  Analogous,  also,  to  trachyte,  we  fiud  its  associations  to 
be  constant  within  certain  limits. 

Three  types  of  eruption  may  be  distinguished : 

AnarhactiOy  and 
Isolated. 

To  the  first  we  must  count  those  basaltic  areas  that  are  in  intimate 
connection  with  the  trachorheltic  group,  and  those  where  enormous 
masses  of  the  lava  have  been  poured  out  over  sedimentary  beds. 

The  second  group  comprises  occurrences  that  we  observe  most  fre- 
quently in  the  younger  sedimentiiry  formations.  Fissures,  mainly  formed 
in  the  strata,  have  been  filled  by  basalt,  and  now  are  found  as  dikes. 

Isolated  groups  occur  most  frequently  in  the  lower  country,  both 
south  and  east  of  the  main  mountain-masses.  They  are  thoroughly 
characteristic  in  their  features,  as  well  as  in  the  relations  to  surround- 
ing rocks. 

I.— MASSIVE. 

San  Luis  Valley. — In  the  southwestern  portion  of  San  Luis  Valley, 
and  extending  from  there  westward,  we  find  a  very  large  area  covered 
by  basaltic  rocks.  This  area  commences  on  the  eastern  slope  of  the  San 
Juan  Mountains,  reaching  far  down  into  the  valley.  Prominent  in  tbe 
southern  portion  are  two  high  peaks.  Mount  San  Antonio  and  Ute  Peak. 
We  find,  by  examining  the  western  edge  of  the  basalt  area,  that  these  rocks 
rest  directly  and  con  formably  upon  the  trachorheites  composing  the  moun^ 
ains.  From  there  the  basaltic  beds  slope  eastward,  dipping  towani  the 
valley.  At  all  points  the  successive  flows  of  lava  can  be  readily  traced. 
They  are  perfectly  distinct,  and  greatly  aid  in  the  recognicion  of  the  struct- 
ure of  the  entire  region.  During  1875  I  visited  the  region,t  and  made 
an  attempt  at  determining  the  points  of  outflow  for  the  entire  area.  So 
far  as  any  definite  opinion  can  be  held,  I  incline  to  the  yiew  that  Mount 
San  Antonio  and  Ute  Peak  indicate  the  former  points  of  outflow.  A 
study  of  these  (topographically)  isolated  mountains,  and  the  rocks  com- 
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yeiog  them,  leads  to  this  eonclusioD.  Neither  of  them  can  be  compared 
to  a  volcano,  although,  at  first  glance,  their  position  might  suggest  such 
aD  idea.  They  are  essentially  an  accumulation  of  volcanic  material  at 
Ike  poiots  of  the  original  vents.  Undoubtedly  lon^  periods  of  time 
etepsed  between  the  various  flows  of  basaltic  lava.  Many  of  tho  erup- 
tious  prodocing  them  may  not*have  brought  forth  a  quantity  of  lava 
nfficient  to  cover  much  ground.  In  this  case  it  would  have  b»^ome 
ngid  near  the  point  or  line  of  ejection,  thus  gradually  building  up  a 
mouDtain. 

While  the  basalts  of  the  entire  area  show  remarkable  uniformity  of 
eoBStitation,  those  from  Mount  San  Antonio,* for  instance,  present  many 
variations.  This  argues  in  favor  of  the  view  which  regards  the  moun- 
tain as  one  of  the  points  of  original  offtflow. 

For  the  sake  of  oompafison,  a  number  of  descriptions  are  here  repro- 
duced from  the  annual  report  of  1875.  Those  specimens  described  from 
tiie  various  stations  represent  the  character  of  the  basalt  of  the  entire 
area.  It  will  be  seen  how  many  varieties  were  observed  on  San  Antonio, 
more,  perhaps,  than  could  be  collected  over  the  whole  extent  of  the  ba- 
salt, excluding  points  of  outflow. 

1.  Station  91.    Basalt. 

Paste,  microcrystalline;  color,  middle  to  dark  gray;  weathers  dark- 
brown.*  Contains  sntall  spherical  cavities,  which  appear  glazed.   Brown 
I  decomposed  in^losures  of  olivine  have  a  splendent  lustre.    Magnetite  is 
aegregated  in  small,  octahedral  crystals.    Is  altogether  very  homogene- 
ous, heavy,  and  hard. 

2.  Station  96.    Basalt. 

a.  Paste,  microcrystalline;  color,  dark-gray«  weathering  brown.  Oli- 
viue  in  exceedingly  minute  particles.  Spherical  vesicles,  containing 
small  crystals  of  zeolites ;  magnetite  not  visible. 

b.  Paste,  crystalline ;  color,  reddish -brown,  weathering  lighter.  Crys- 
tals of  black  biotite  occur  sparingly.  Olivine,  decomposed',  dark,  splend- 
ent brown;  Irregular  vesicles  distributed  throughout  the  entire  mass, 
some  of  them  containing  zeolites.  Decomposition  of  magnetite  pro- 
doees  the  brown  color. 

3.  Mount  San  Antonio.    Basalt. 

0.  Paste,  cryptocrystalliue ;  color,  dark-gray  to  black.  Slightly  vesicu- 
lar; vehicles  either  spheroid  or  drawn  out;  in  some  of  them  deposits  of 
zeolites.    Olivine  the  only  segregated  mineral  distinguishable. 

h.  Essentially  the  same  as  above,  but  highly  vesicular.  Vesicles 
frequently  round,  while  on  the  same  bowlder  iu  another  zone  they  are 
drawn  out.  No  mineral  distinguishabile  but  olivine,  which  is  partly 
decomposed. 

0.  Paste  microcrystalline.  Color  pitch-black,  with  fdtty  lustre.  Very 
compact.  Vesicles  too  minute  to  be  visible.  No  segregated  minerals. 
Besembles  the  typical  melaphyrs  of  Europe.  Large  percentage  of 
magnetite.    This  variety  is  subject  to,  mainly,  three  modifications. 

d.  Physical  character  as  above,  excepting  the  presence  of  vesicles ; 
tbfse  are  very  flat,  drawn  out  to  the  length  of  half  an  inch.  Between 
the  larger  ones  are.  very  minute  ones.    The  rocks  break  into  shaly 

fragments,  owing  to  the  fact  that  the  vesicles  have  been  compressed  in  I 

one  direction.    This  latter  feature  is  still  more  modified  in —  I 

e.  Where  the  compression  goes  so  far  as  to  produce  a  decided  lami- 
nation. On  the  suiDace  of  fracture,  which  latter  occurs  only  in  the  I 
direction  of  the  longitudinal  axes  of  the  vesicles,  it  has  an  appearance  j 
similar  to  that  of  the  surface  of  a  palm-leaf.    The  vesicles  no  longer  ji 
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remain  as  such,  and  are  only  indicated  by  the  quoH  cleavage-planes  of 
the  rock. 

/.  ShovTB  no  segregated  minerals  whatever,  and  is  as  porons  as  a 
siionge.    The  vesicles  are  small,  averaging  1  millimetre  in  diameter. 

g.  Paste  micro-crystalline ;  its  stracture  mach  obscnred  by  deoomposi- 
tion.  Compact;  no  vesicles.  Color  mottled  red*brown  and  bla<^. 
Small  particles  of  olivine  are  distingaishable,  althoagh  decomposed. 
This  is  essentially  the  variety  Cy  without  vesicles  and  a  chang^  color, 
the  result  of  higher  oxidatioivof  the  magnetite. 

h.  Same  as  ^  in  paste.  Color  reddish-drab.  Minnte  irregular  cav- 
ities, produced  by  decomposition  of  certain  mineral  constituents. 
Olivine  inclosures  reaching  a  diajpeter  of  2  millimetres.  This  is  a  still 
further  progressed  product  of  decomposition. 

,i.  Very  much  like  /.  Color  grayish-brown,  thoroughly  vesicular. 
Not  only  are  the  small  vesicles  found  as  in/,  butf  targe  ones  occur,  show- 
ing a  glazed  surface.  All  of  them  have  been  more  or  less  drawn  out. 
In  its  texture  it  closely  resembles  pumice. 

Station  104.    Basalt. 

a.  Paste  micro-crystalline ;  color  black.  Minute  crystals  of  feld^ar 
and  finely  distributed  olivine  give  the  rock  a  glassy  lustre.  Innumer- 
able small  vesicles.  Some  larger  ones  are  scattered  throughout.  The 
latter  are  filled  with  either  crystalline  or  amorphous  carbonate  of  lime. 

Station  99.    Basalt  , 

a.  Paste  grayish-black  when  fresh,  reddish-brown  when  decomposed; 
crystalline.  Black  biotite  in  minute  crystals.  Olivine  brown.  Minute 
vesicles  and  scattering  larger  ones,  both  irregular. 

It  appears  that  after  the  outpouring  of  this  basaltic  lava  there  was 
an  elevation  of  the  region  directly  west  involving  a  portion  of  the  ba- 
salt. Judging  from  the  eastern  limits  of  the  area,  it  seems  probable 
that  the  rise  westward  did  not  exert  its  influence  for  any  long  distance 
into  San  Luis  Valley. 

As  one  of  the  characteristics  of  this  region  we  may  regard  the  *< fresh' 
appearance  of  the  basaltic  rocks  exhibited  at  man;^  places.  Very  little 
decomposition  aod^disintegration  have  taken  place,  thus  preserving,  ia 
a  great  measure,  the  surface  intact  This  naturally  results  in  a  lack 
of  vegetation,  which,  in  turn,  augments  the  appearance  of  freshness. 
In  ^his  connection  refN:«nce  may  be  made  to  an  important  fact,  which 
is  not  unfreqnently  overlooked.  Owing  to  the  fact  that  decomposition 
has  but  slightly  affected  the  rocks,  only  a  scant  growth  of  vegetation 
can  subsist  From  this  circumstance  the  inference  is  usually  drawn 
that  the  lava  assumed  rigidity  but  a  comparatively  short  time  ago.  On 
the  other  hand,  a  rich  growth  of  plants  is  regarded  as  an  argument  for 
greater  age.  It  remains  to  be  remembered,  however,  that  if  once  grow- 
ing vegetation  can  gain  a  hold  in  the  soil,  disintegration  and  decompo- 
sition of  the  rock  will  progress  at  a  far  more  rapid  ratio  than  before.  It 
is  the  formation  and  retention  of  the  first  soil  that  requires  a  lovg  period 
of  time,  hence  exposures  that  look  very  ^^  fresh  "  are  not  necessarily  of 
relatively  recent  date. 

Besides  the  two  mountains  above  mentioned,  there  are  several  other 
prominent  points  that  I  regard  as  owing  their  existence  to  the  fact  of 
being  points  of  eruption.  No  definite  arrangement  can  be  made  out  in 
their  horizontal  distribution.  It  may  be  said,  however,  that  they  occar 
at  such  points  or  along  such  lines,  where  the  underlying  trachorheite' 
probably  ofifered  the  least  resistance  to  vertically-acting  forces. 

As  the  main  characteristic  of  this  very  large  area,  we  may  regard  the 
surprising  uniformity  shown  by  the  basalt,  except  at  the  points  of  ejeo- 
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tion.  Evidently  large  masses  of  tbe  lava  were  poared  ont  at  once,  to 
be  followed  by  similar  eruptions  at  later  periods.  Those  ejections  that 
have  bailt  np  the  mcNintains  were  very  limited  in  quantity  as  com- 
pared to  tbe  others,  and  owe  to  this  fact,  probably,  their  inability  to 
cover  any  considerable  area.  The  entire  region  is  one  of  great  interest^ 
s&owing,  as  it  does«  the  relations  between  previous  and  basaltic  volcanic 
periods,  besides  illustrating  the  magnitude  of  the  scale  upon  which  such 
eraptions  took  place. 

Uneompahgre  Mountains. — Basalt  occurs  in  the  Uncompahgre  Mount* 
ains  at  considerable  elevations.  It  was  found  on  several  high  plateaus. 
Upon  one  of  them  several  station^  were  located,*  and  from  there  former 
coonections  could  be  traced  that  indicate  a  rather  extensive  basaltic 
area.  The  basalt  is  poured  out  over  the  older  trachoriieites*  and  occu* 
pies  a  perfectly  conformable  position.  An  absolute  elevation  of  over 
12,000  feet  can  be  observed  on  the  summit  of  such  plateaus.  Another^ 
cue  is  found  near  the  junction  of  Lost  Trail  Greek  and  the  llio  Orande. 
Several  of  the  high  peaks  show  caps  of  basalt.  From  the  detached 
fragments  that  we  now  observe,  and  their  relative  position,  we  can  infer 
that  at  one  time  the  larger  portion  of  all  of  them  were  at  one  time  con- 
nected. So  far  as  observed  the  lithological  character  of  the  basalts 
tb««  is  perfectly'  uniform,  which  argues  lor  former  connection. 

In  speaking  of  rhyolite  a  locality  was  mentioned  not  far  from  Un* 
Gompabgre  Peaks  where  basalt  was  found  under  the  former.  This  I  re- 
gard as  one  of  the  points  of  eruption,  if  not  the  only  one.  It  is  the  only 
place  where  basalt  is  found  at  a  low  elevation.  As  a  rule  the  thickness 
for  the  bashlt  of  this  region  may  be  stated  as  600  to  800  feet. 

Orand  MescL — ^Northwest  of  the  localities  just  described  we  find  an- 
other extensive  basaltic  area.t  South  of  the  junction  of  the  Ounnison 
and  the  Grand  a  high  prominent  mesa  is  formed  by  Tertiary  beds.  A 
layer  of  basalt  caps  it  throughout  its  entire  extent,  affording  protection 
to  the  easily-eroded  underlying  strata.  Dr.  Peale  has  described  this 
region.  He  gives  the  thickness  of  the  basalt  as  about  250  feet,  but 
expresses  the  opinion  that  this  does  not  represent  its  original  vertical 
extent  It  is  probable  that  erosion  has  removed  a  large  portion  of  the 
basalt^),  and  that  we  now  have  before  us  but  the  remnants  of  areas  that 
at  one  time  must  have  been  very  extensive. 

On  IJagle  Biver  and  a  portion  of  its  drainage  basaltic  areas  occur 
that  at  one  time  were  probably  connected.  In  South  Park,  and  associ- 
ated with  the  trachorheites  of  the  Front  Eange,  we  find  basalt  expos- 
ares  that  must  be  referred  to  massive  eruptions. 

So  far  as  observed,  all  of  these  bear  the  same  relations  to  either  sedi- 
mentary or  older  volca>nic  rocks.  With  these  latter  they  are  generally 
conformable  when  found  in  contact.  Although  so  distinctly  offset  iu 
almost  every  respect  from  other  eruptives,  the  basaitoid  group  undoubt- 
edly has  b^n  governed  by  the  same  laws  that  have  determined  the 
pomtB  or  lines  of  eruption  for  other  volcanics.  They  occur  in  the  same 
manner,  though  evidently  of  later  date,  they  show  the  same  methods  of 
protrusion,  and  they  are  analogous,  in  the  results  produced,  to  the  less 
prominent  members  of  preceding  groups.  From  their  scheme  of  hori- 
zontal and  vertical  distribution,  it  may  be  inferred  that  tbe  basaltic  i: 
lava  reached  the  surface  in  a  very  high  state  of  viscidity.  This  cannot  I 
always  be  said  of  the  older  volcanics.  Taking  advantage  of  the  con-  I 
figuration  of  the  country  at  the  time  of  ejection,  the  basalt  has  found  I' 
its  way  in  the  largest  quantities  to  the  points  most  readily  accessible. 

•Rep.  U.  8.  Geol.  Surv.,  1874,  p.  202.  fRep.  U.  S.  Gteol.  Sarv.,  1874,  p.  174. 
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IL— AKAEHACTIO. 

Two  regions,  maialy,  may  lie  diatiDgaisbcil  where  aoarhactic  emj 
tiona  of  basalt  occor.  Of  tbese  tbe  first  is  in  Nortbero  Colorado,  jiorl 
of  Wbite  River.  Kumerons  dikes  of  basalt  there  traverse  Cretaceoi 
and  Tertiary  strata.  They  frequently  extend  in  straight  lines  for 
Dumber  of  miles.  Analogous  to  tbe  occurrences  of  porphyritio  tr 
cbyte,  the  formerly  inclosed  basaltic  rock  bas  l>eeu  exposed  by  the  abn 
siou  of  the  surrounding  sedimentary  beds.  Vertical  black  walls  no 
stand  out  prominently,  imparting  to  the  londecape  a  unique  characti 
that  has  found  its  oppreciation  in  aoiAo  of  the  local  nnmes  given.  £i 
sentially  these  dikes  are  parallel  among  tbemselvea,  often  separated  b 
considerable  intervening  spaces. 

Un  tbe  northern  tributaries  of  the  Sau  Juan  River  a  large  number  < 
basaltic  dikes  occur  In  the  Tertiary  beds  of  that  region.  Along  tbe  Sa 
Juan  itself  such  dikes  may  be  found.  Frequently  tbey  extend  fur  man 
miles,  exLibitiug  tbe  same  characteristics  above  given. 

A  marked  feature  in  connection  of  these  dikes  is  the  fact  that  no  dii 
turbance  of  the  strata  seems  to  have  accompanied  tbe  ejection  uf  the  vo 
cftoic  material.  So  distortion  or  extensive  displacement  of  the  bed 
will  be  ooticed.  Evidently  the  fissures  were  formed  by  the  nciion  c 
some  force  tbat  conOned  itself  to  this  niauifestation.  Through  the  opei 
iugs  produced  the  lava  protruded,  without  causing  any  appreciable  ftii 
tber  disturbances.  Rising  into  tbe  tls3ures,and  sometimes  overflowing 
tbe  lava  obeyed  tbe  laws  governing  its  eruption  without  any  accomps 
Dying  domonstratioD  of  additional  force. 

This  characteristic  brings  the  ausrhactio  into  close  relation  with  th 
massive  eniplions.  Tbe  two  stand  as  the  represeutativea  of  defioit 
types,  while  the  ejections  of  porphyritio  trachyte  were  preceded  iiu< 
accompanied  by  more  violent  demonstrations.  It  ia  true  tbat  a  certaii 
amount  of  disturbance  must  have  been  coincident  with  tbe  opening  c 
the  fissures;  but  it  is  equally  true  that,  whatever  the  nctiu^  force  waf 
it  did  not  exert  any  considerable  influence  upon  the  rocks  atljoiniiii;.  I 
is  evident  that  this  feature  ia  one  of  great  iui|X)rtance  in  discussing  thi 
origin  of  eruptivea  and  their  mode  of  ejection.  It  is  necessary,  there 
fore,  to  note  the  conditioua  pertaining  to  tbe  surroundings  of  eroixei 
masses,  as  well  as  those  relating  directly  to  tbe  latter. 

in ISOLATED. 

A  number  of  isolated  basaltic  eruptions  occur  iu  Colorado.  Fromi 
neut  among  them  is  tbat  of  Golden  City.*  Table  Mountains  there  an 
composed  of  lignitio  beds  and  covered  by  bsHalt.  Mr.  Marvine  sa;' 
{loo.  dt.)  with  regard  thereto:  "The  sourceof  this  lava  is  from  beneatt 
Sortb  Table  Mountain,  ou  the  aummit  of  which,  snd  near  tbe  nortbwps 
corner,  the  remnanta  of  a  group  of  small  volcanic  cones  may  still  Ix 
seen ;  weather-beaten  and  nearly  worn  away,  they  still  suffice*  to  sho^ 
from  whence  the  lava  came."  This  explains,  iu  a  few  wonls,  both  thi 
source  of  the  basalt  and  tbe  character  of  such  eruption.  JSot  far  froa 
Golden,  at  Vabnont,  a  faeavy  dike  of  the  same  material  may  be  oserved 
Inasmuch  as  we  may  safely  regard  isolated  eruption  as  the  results  oi 
local  dikes  that  have  overflowed,  that  oC  Valmont  deserves  mention 
here. 

■Eep.  U.  8.  Geol,  Surv,,  KpriaC,  L8G7ta  1869,  p.  133,  «Dd  Bep.  1873,  p.  1311. 
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Near  Canon  City*  two  small  basaltic  hills  occur.  Farther  sonth,  to- 
ward Poeblo,  anotber  may  be  noticed.  Along  the  Huerfano  Eivert  a 
namber  of  tfaem  may  be  noticed^  occurring  together  with  some  dikes 
composed  of  the  same  material.  It  is  a  noticeablefact  that  all  of  these 
last-m^ntiooed  eruptions  have  broken  through  and  are  exposed  in  Gre- 
taceoos  or  lignitic  beds.  Some  form  low,  prominent  hills,  others  merely 
act  as  protecting  covers  to  the  penetrated  strato.  An  interesting  case 
of  this  kind  is  the  bluff  upon  which  a  station  was  located  near  Badito. 
Bising  rather  abruptly  from  the  surrounding  country,  the  bluff  reaches 
an  elevation  of  6,952  feet  above  sea-level.  Three  prominent  cones  of 
basalt,  standing  in  a  line  on  the  summit  of  the  bluff,  denote  the  original 
points  of  outflow.  Sharply  defined,  they  are  distinguishable  from  a  long 
distance,  and  before  being  visited  their  appearance  awakened  the  hoi>e  of 
seeing  small,  well-detined  craters.  Although  the  basaltic  eruptions  have 
been  productive  of  forms  resembling  crater-cones  more  closely  than  any 
of  the  other  ernptives,  not  one  occurrence  has  been  observed  in  Colo- 
rado that  could  directly  be  compared  to  the  cone  and  crater  of  an  active 
or  typical  volcano.  This  fact  has  been  recognized  some  time  since,  and 
no  exception  to  this  rule  has  been  discovered  as  yet.  Instances  do 
occur  which  a  lively  imagination  could  transform  into  a  crater-cone,  but 
upon  examination  they  prove  not  to  be  such. 

•  Bep.  U.  S.  Geol.  Surv.,  1873,  p.  331.  tBep.  U.  S.  Geol.  Sarv.,  1875,  p.  131* 
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CHAPTER   IV. 


AGE,  COMPARISON,  AND  ORIGIN  OP  BRUPTIVES, 

AGE  OF  THB  EBtrPTIVES  OF  COLORADO. 

Taking  a  general  view  of  tbe  subject,  it  is  a  comparatively  easy  mat- 
ter to  arrive  at  conclasioos  regarding  the  age  of  ernptives  in  Colorado. 
The  more  narrowly  we  attempt  to  draw  the  lines,  however,  the  less  ma- 
terial for  accurate  defluition  do  we  find.  Thongh  it  is  not  difficalt  to 
assign  to  ernptives  a  period  embracing  the  same  amonnt  of  time  that 
is  allotted  to  some  particular  formation,  it  is  less  easy  to  state  within 
precisely  what  portion  of  the  period  the  greatest  ernptive  activity  fell. 

Arranging  the  plntonic  ernptives  chronologically,  we  have — 

Dioritej  oldest 

Euphoiide, 

Porphyry. 

Oranite. 

Protoginyte. 

Oranite. 

Granite  is  mentioned  twice,  as  we  find  two  distinct  granite  groups  in 
Colorado. 

With  reference  to  diorite,  enphotide,  and  porphyry  we  may  say  that, 
essentially,  they  stand  in  no  direct  relation  with  sedimentary  forma- 
tions. In  the  case  of  porphyry  we  have  one  instance  in  the  Sangre 
de  Oristo  Mountains,  where  it  has  broken  through  Carboniferous  strata. 
With  this  exception  we  may  consider  these  rocks  as  pertaining  more 
particularly  to  the  metamorphic  series.  We  find  dikes  and  large  erap- 
tions  of  them  within  the  metamorphic  areas.  Fortunately  they  are 
usually  so  placed  that  no  mistake  can  be  made  as  to  their  identity,  which 
otherwise  might  become  a  matter  of  serious  diflOiculty.  It  may  be  stated 
that  granites,  probably  of  plutonic  eruptive  character,  are  associated  at 
times  with  euphotides. 

It  seems  very  difficult  to  assign  any  definite  age  to  the  rocks  of  these 
groups.  So  far  as  can  be  determined  from  association  with  sedimentary 
groups,  their  age  may  be  regarded  as  Post- Carboniferous.  All  evidence 
in  Colorado  points  to  the  tact  that  only  unimportant  stratigrapbical 
changes  took  place  before  the  close  of  the  Carboniferous  or  even  Tri- 
assic  period.  From  this  it  may  be  inferred  that  the  anarhactic  and 
other  ernptives,  that  we  must  regard  as  the  oldest  in  Colorado,  were 
synchronous  with  the  first  main  disturbances.  In  view  of  these  facts 
we  can,  perhaps,  most  correctly  state  that  they  must  be  considered  as 
Post-Carboniferous  and  Pre-Cretaceous. 

Tbe  older  granites  and  protoginytes  occupy  prominent  positions,  and 
from  their  associations  afi;brd  some  indications  as  to  their  absolute  age. 
Wo  have  observed  that  mainly  Carboniferous  and  older  beds  were  af- 
fected by  the  uffheaval  of  the  northern  Sangre  de  Cristo  Range.  Evi- 
dently the  rise  then  effected  was  sufficiently  great  to  exclude  the  trans- 
mission of  Cretaceous  waters  directly  westward.  A  possibility  presents 
itself  that  at  the  period  of  Cretaceous  invasion  the  more  easterly  por- 
252 
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tioDs,  now  covered  by  beds  of  that  formatioD^  were  too  low  to  admit  of 
greater  extension  of  the  water8«  In  this  case  the  snbseqaent  rise  of  the 
entire  region  elevated  snch  stnita  to  their  present  position.  We  have, 
however,  in  the  Sangre  de  Gristo  Bange  tangible  evidence  in  the  Ftevere 
distarbances  to  which  theCarboniferons  beds  have  been  subjected.  Ev- 
idence is  adduced  from  various  points  there  observed,  that  the  up- 
heaval of  the  granite  was  in  the  most  intimate  connection  with  the 
dislocation  of  Oarboniferous  strato.  From  the  nature  of  these  disloca- 
tions it  mnst  be  icferred  that  the  strata  had  already  assnmed  a  rigid 
stability.  It  can  be  Siud,  therefore,  that  the  eruption  of  members  of  this 
gnmp  must  have  been  subsequent  to  the  last  Reposition  of  Carhonifer- 
OQsbeds. 

More  applicable  results  can  be  obtained  from  the  study  of  the  younger 
eruptive  granites.  Throughout  the  £lk  Mountains,  where  they  mainly 
oceor,  their  associations  with  sedimentary  beds  are  thoroughly  constant. 
They  have  there  been  sufficiently  well  studied  to  arrive  at  satisfactory 
conclusions  regarding  the  period  of  time  when  the  granitic  masses  were 
enipted.  In  previous  pages  the  contortion,  plication,  and  upturning  of 
Cretaceous  strata  in  and  near  the  Elk  Mountains  have  been  alluded  to. 
We  have,  therefore.in  this  instance,  phenomena  whereby  to  measure  the 
time  of  eruption.  This  falls,  as  nearly  as  can  be  determined,  after  the 
end  of  the  Cretaceous  period,  reaching  a  time  either  in  the  Tertiary  or 
after  the  close  of  the  Cretaceous  formation.  Such  is  the  accepted  view  of 
those  who  have  studied  the  groups  most  carefully.  There  seems  to  be 
some  connection,  not  only  as  to  time,  but  also  in  composition  and  certain 
modes  of  appearance,  between  this  series  of  granites  and  the  next  group, 
the  trachorheites.  Certain  connections  can  be  traced  in  a  number  of 
points  between  these  two  classes  that  bring  them  very  closely  together 
as  regards  genesis.  Different  conditions  of  cooling,  may  produce  such 
results  that  necessarily  the  rocks  must  at  present  be  separated,  although 
their  former  relations  may  be  very  apparent. 

Of  greater  variety  are  the  volcanic  eruptive  rocks  of  Colorado,  an 
ennmeration  of  which  will  give  the  following  result,  beginning  with  the 
oldest: 

C  Andmie. 
Trachorheites :  <  Trachyte, 

(  Bhyolite, 

Porphyritic  trachyte. 

Dolerite. 

Basalt. 

This  series  can  appropriately  be  divided  into  three  groups.    Of^ these 
tbe  first — trachorheites — is  the  most  extensive.    In  discussing  this  im- 
portant group  tbe  direct  relations  to  sedimentary  strata  have  been 
given.    On  the  eastern  side  of  the  trachorheitic  area  no  favorable  out- 
crops were  observed.    Along  the  western  and  (southwestern  edges,  how- 
ever, satisfactory  evidence  was  obtained.    We  there  find  the  tracho- 
rheites resting  upon  Middle  Cretaceous  shales.    These  latter  have  been  ^ 
removed  from  their  original  places  of  deposition, and  the  volcanic  layers 
have  heen  spread  out  over  them.    This  assigns  to  the  entire  series  an                                \ 
age  falling  near  the  close  of  the  Cretaceous  epoch.    Isolated  occurrences                               I' 
show  rocks  belonging  to  this  group  superincumbent  upon  Post-Cretci-                               {• 
ceous  lignitic  beds.    Such  relations  decrease  the  age  of  trachorheites,                               i: 
briuging  them  essentially  within  the  scope  of  the  Tertiary  period.    This,                               j. 
too,  is  the  accepted  age  for  tbe  analogous  rocks  of  other  countries.                                       . 

So  far  as  can  be  determined  the  various  members  of  the  trachorheitic  " 

scries  form  one  continuous  chronological  succession.    We  can,  therefore, 
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accept  the  geological  age  above  given  for  the  entire  gronp.  luasmoch 
as  the  ejection  of  the  entire  mass  mnst  have  occapied  a  very  long|)eriod 
of  time,  it  is  eminently  probable  that  it  commenced  within — for  in- 
stance— the  Oretaceoos  nnd  ended  daring  the  Tertiary  period.  We  can 
safely  place  the  age  at  that  period,  therefore,  synchronous  with  which 
we  observe  the  most  recent  volcanic  effects. 

XTndonbtedly  we  mnst  exercise  considerable  latitude  for  the  chrono- 
logical limits  within  which  to  confine  any  period  of  volcanic  activity.  It 
is  evident  that  while  the  ernptious  were  going  on,  there  was  a  continued 
deposition  of  sediment,  which,  by  its  organic  remains,  may  now  be  re- 
ferred to  either  one  or  tim  other  conventional  formation.  We  cannot, 
therefore,  say  definitely  a!t  which  time  the  volcanic  activity  commenced, 
and  we  can  only  say  approximately  when  it  ceased. 

The  second  gronp,  that  of  the  porphyritic  trachytes,  has  been  dis- 
cnssed  at  some  length  above,  and  its  age  has  been  regarded  as  having 
the  same  most  recent  limits  as  the  trachorheites. 

The  youngest  group,  that  of  the  basaltoids,  is  one  that  forcibly  re- 
minds the  observer  of  lavas  of  the  present  day.  From  all  the  associa- 
tions, of  both  dolerite  and  basalt,  their  absolute  age  can  unequivocally 
be  placed  within  the  Tertiary  epoch.  Within  the  large  areas  less  can  hQ 
learned,  as  a  rule,  but  the  anarhactic  and  some  of  the  isolated  eraptives 
afford  definite  information.  It  lias  been  stated  in  previous  pages  that 
the  doleritic  breccia  of  Middle  Park  is  associated  with  beds  beloogin^ 
to  the  lignttio  series,  while  a  number  of  basaltic  outcrops  were  observed 
in  Tertiary  strata  belonging  to  the  Eocene  group.  Frequently  the 
^^  fresh''  appearance  of  the  basalts  has  been  remarked  upon.  Dr.  Peale 
says,*  in  speaking  of  the  basalts  occurring  near  Eagle  River :  ^^Tbo 
basaltic  rock  is  destitute  of  vegetation  and  comparatively  free  from  soil. 
It  has  the  appearance  of  having  just  been  poured  out.  The  period  dar- 
ing which  it  was  poured  out  is  probably  to  be  measured  by  hundreds  of 
yearS;  and  perhaps  less,  rather  than  by  longer  periods;" 

From  our  present  knowledge  of  the  basalts  of  the  West,  we  may  say 
that  they  effect  a  transition  from  the  prehistoric  to  the  eruptives  of  the 
present  day.t  Evidences  of  this  fact,  far  more  striking  than  in  Colorado, 
are  observed  in  adjacent  States  and  Territories.  In  subsequent  pages 
allusion  will  be  made  to  such  instances. 

With  reference  to  the  ages  of  theseernptire  groups,  as  comi^ared  among 
themselves,  we  may  say  that  the  chronological  succession  is  a  well- 
established  one.  We  are  enabled,  from  the  extended  series  of  observa- 
tions that  have  been  made,  to  correlate  the  various  members  and  arrive 
at  definite  conclusions  as  to  their  proper  relative  positions.  An  excep- 
tion to  this  rule  is  made  by  the  porphyritic  trachytes.  Their  position  ia 
the  chronological  scale  has  been  discussed  previously,  and  a  mere  men- 
tion of  the  fact  may  here  suffice. 

A  classified  arrangement  of  the  Colorado  eruptives,  so  far  as  known 
and  explored  at  the  present  time,  is  here  presented.  Classification  is 
based  upon  the  principles  given  in  the  introduction  of  this  paper,  and 
their  grouping  is  made  with  especial  reference  to  the  results  obtainedin 
Colorado. 

Plutonic : 

BASIC :  ACIDIC : 

Diorite.        )  Granite.         \  j,^^.  r*— Jw»«.-a-«».,. 

Euphotide.  V  Po8t'Carhon\ferou8.  Protoginy te.  $  ^wt-Carftoiit/croiw. 

Porphyry.    )  Granite.  I  Poat-Crciaceoua, 

•  Rep.  U.  S.  Geol.  Surv ,  1874,  p.  172.  i  Compare  Rep.  U.  S.  Geol.  Sarv.,  p.  222. 
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Volcanic : 

BASIC :  ACIDIC : 

ADdcsite.  ^ 

Trachyte. 

Trachyte  No.  1. 
Trachyte  No.  2. 
Trachyte  No.  3. 
Trachyte  No.  4. 
^Rhyolite.' 

«  Porphyritic  trachyte  Tertiary  f 

Symmorpbic  trachyte. 

B^^^  I  TerUarg  and  PosUTertiafjf. 

COMPARISON  OF  ERUPTIVES  OP  COLORADO  WITH  THOSE 

OF  OTHER  REGIOJJiS. 


0 


*  Cotta,  Greologische  Bilder,  Leipzig;,  1871,  p.  19t5. 
t  Compare  Cotta,  Goologie  der  Gegenwart. 


Althoogh,  generally  speakiDg,  the  occarreDces  of  eruptive  rocks  ia  [ 

Colorado  may  lay  claim  to  being  unique,  they  have  many  points  in  com- 
mon with  those  of  other  localities.  Any  comparison  destined  to  es- 
tablish similarity  of  the  groups  must  necessarily  fall  somewhat  short. 
This  is  due  in  part  to  the  fact  that  technical  nomenclature  upon  this 
sabject  is  one  that  will  bear  very  thorough  revision  and  correction. 
Qichthofen  has  succeeded  in  establishing  definite  terms  for  certain 
groups  of  our  Western  country.  In  the  preceding  pages  the  primary 
classification  as  proposed  by  Bunsen  has  been  u^,  and  subdivisions 
based  upon,  primarily,  genesis,  secondarily  chronological  succession  have 
been  applied.  I  am  of  the  opinion  that  a  classification  of  this  charac- 
ter is  certainly  the  mpst  acceptable  that  could  be  utilized  in  the  present 
instance.  Though  the  chronological  succession  is  a  method  of  separa- 
tion that  can  lay  no  direct  claim  to  being  one  of  strictly  scientific  char- 
acter, it  is  the  most  convenient  manner  of  distinguishing  certain  groups. 
Wherever  the  evidences  of  geological  age  are  so  perspicuous  as  in  Colo- 
rado, a  system  of  this  kind  will  answer  admirably  well. 

We  find,  upon  examination,  analogies  to  nearly  all  of  the  erupted  rocks 
obsef ved  in  Colorado.  Far  more  pjominent  than  in  this  State  are  the  plu- 
toDic  eruptions  of  Europe.  There  the  series  is  well  developed,  and  its 
members  enter  very  largely  into  the  geological  structure  of  various  regions. 
Diorite,  enphotides,  and  that  class  of  rocks  that  is  comprised  under  the 
general  name  of  gabbro,  build  up  high  mountains  and  even  mountain- 
systems.  In  Colorado  their  appearance  as  well  as  their  importance  is 
generally  subordinate.  Eruptive  granites,  widely  ranging  in  age,  form 
a  prominent  feature  of  study  for  Euroi^ean  geologists.  Not  only  have 
tbey  broken  through  sedimentary  beds,  but  they  have  intruded  into  the 
older  metamorphic  rocks.  Famous  among  many  cases  of  this  kind  is 
thatk>f  Heidelberg,*  where  a  fine-grained  granite  occurs,  intrusive  in  a 
coarse-grained  one.  By  the  force  of  its  intrusion  the  latter  has  been 
thoroughly  brecciated  and  shows  the  altering  infiuences  of  the  younger 
mass. 

Successively  we  find  in  Europe  granites  that  range  in  age  from  Silu> 
rian  to  Tertiary.  It  is  highly  probable  that  the  eruptions  of  the  Elk 
Mountains  vary  but  little  in  geological  age  /rom  those  observed  in  the 
■  Tyrol.t  where  granite  ha«  penetrated  undoubted  Tertiary  strata.  It  may 
be  well  to  devote  here  a  few  words  to  a  subject  that,  in  this  connection, 
becomes  one  of  great  importance.    We  are  accustomed  to  term  that  \ 

rock  a  granite,  for  instance,  which  proves  to  be  a  crystalline  aggregate  | 


a 


I 
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of  feldspar,  qnartT:,  and  mica.  Tbis  deflnitioQ  is  totally  independent  of 
any  varying  form  of  f>ene8is  or  metbod  of  appearance.  From  tbe  in- 
formation tbat  we  bave  gained  throngli  tbe  study  of  erupted  rocks  it 
seems  eminently  probable^that  varying  results  may  be  derived  from  tbe 
same  original  magma  by  different  metbods  of  cooling.  To  present  an 
extreme  case,  we  may  assume  tbat  tbe  same  magma  can,  in  one  instance, 
be  productive  of  tbe  formation  of  bigh  silicates  mainly,  wbile  if  cooling 
under  different  circumstances  tbe  silicates  may  be  lower  and  free  silica 
from  tbe  complement.  If  we  speak,  tberefore,  of  eruptive  granite^  we 
mean  to  denote  a  rock  tbat  to-day  bas  tbe  mineralogical  constitution  of 
granite,  totally  irrespective  as  to  wbat  its  previous  condition  may  bave 
been.  Wbat  effects  are  in  reality  produced  by  tbe  diffeteiit  metbods  of 
cooling  we  are  unable  to  say.  Certain  experiments  point  to  one  view, 
otbers  to  anotber.  It  becomes  a  matter  of  great  difficulty  to  arrive  at 
definite  conclusions  from  investigations  tbat  must  necessarily  be  carried 
on  on  a  small  scale,  wben  we  desire  to  apply  tbe  knowledge  thereby 
gained  to  masses  of  enormous  proportions. 

Proceeding  to  tbe  remaining  eruptives  of  Colorado  we  find  that  the 
adopted  scale  is  more  completely  filled  than  by  tbe  preceding  groups. 
An  important  member  of  tbe  series— propy lite — bas  not  been  recognized 
in  Colorado.  Eicbtbofen  bas  found  it  well  developed  farther  west,  and 
in  Transylvania  it  plays  a  very  prominent  part.  Tbe  propylite  of  Offen- 
banya  was  originally  named  ''  timazite"  by  Bielz.  It  is  tbe  rock  contain- 
ing tbe  telluride  ores  of  Transylvania.  Cotta*  states  that  he  regards 
its  age  as  3'onnger  than  Eocene.  His  evidence  for  this  assertion  is  de- 
rived from  tbe  fact  tbat  tbe  same  ore-bearing  veins  traverse  tbe  tinia- 
zite  and  Eocene  sandstones.  In  Nevada  and  adjacent  regions  the  rock 
bas  been  found,  and  is  regarded  by  Bichtbofent  as  older  than  andesite. 
With  reference  to  this  latter  termHbere  is  some  confusion,  unless  it  be 
limited,  as  bas  most  recently  been  done.  The  name  was  originally  ap- 
plied to  all  the  volcanic  rocks  of  the  Cordilliera  system,'  and  not  until  a 
short  time  ago  bas  its  application  been  clearly  defined.  Andesites  oecar 
in  the  volcanic  regions  near  Colorado,  occupying  a  definite  geognostio 
position.    They  are  younger  than  pnopylite,  older  than  tbe  trachytes. 

Trachyte  is  a  name  that  has  been  very  indiscriminately  applied  tomany 
light-colored  volcanic  eruptives.  Within  its  sco[>e  bave  been  placed  the 
volcauics  of  Transylvania,  of  Germany,  France,  and,  to  a  large  ex- 
tent, of  our  westeru^continent.  Varieties  bave  been  based  upon  the  pre- 
domination of  one  or  the  other  inclosed  mineral.  Thus  oligoclase,  sani- 
dine,  and  amphibole  trachytes  have  been  distinguished.  Although  tbe 
presence  or  absence  of  one  or  the  other  of  these  minerals  is  undoubtedly 
of  systematic  value  within  tbe  circumscribed  areas,  no  rule  can  be  es- 
tablished tbat  would  answer  in  all  catses. 

nauy  first  gave  tbis  name  to  tbe  volcanic  rocks  of  the  Auvergne. 
Trapp-porpbyry  was  adopted  for  the  same  rocks.  L.  von  Buch  gave  that 
group  of  trachytes  occurring  near  Puyde  Dome  tbe  name  domite.  Ben- 
dant,  who  made  the  first  extensive  examinations  of  the*  volcanic  regions 
of  Transylvania  and  Hungary,  separated  the  eruptives  into  four  groups  :| 

Trachytej 

Parphyre  irachytiqttej 

Perlitej  and 

Porphyre  tracliytiqtie  molaire. 

—  <^  ■■  — 

•  Treatise  on  Ore  Deposits,  Prime.    New  York,  1870,  p.  277. 

tMem.  Cal.  Ac.  Sci.,  1868,  vol.  i,  part  it. 

t  Beudant,  Voyage  Miu6ralogique  es  G6ol  giquc  eu  Hongriei  1822,  Tom.  ili,  p.  310. 
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From  bia  deBcriptiona  the  first  agrees  with  onr  present  tracbyte,  and 
le  Kcood  wRh  rbyolite.  Pertite  is  of  subordinate  importance,  and  the 
lorUi  probably  indicates  a  variety  of  rhyolite.  I^imazite  he  has  evi- 
fntly  iucladed  in  his  trachyte. 

Id  Germany  the  volcanic  rocks  of  the  Drachenfels  and  other  regions 
Hied  to  it  have  passed  nuder  the  names  of  trachyte  and  trachyte- tuffs. 
.  variety  of  trachyte  occnrring  in  Silesia  has  been  named  tescbenite  by 
lobenegger.'  It  is  composed  of  amphibolite,  angite,  nephelite,  and 
Mnie  anorthite.  Its  age  is  regardecl  as  being  Eocene. 
Tbronghoat  the  Western  country  the  application  of  the  name  trachyte 
I  becoming  more  and  more  restricted.  For  the  case  that  it  may  be 
npcegible or iDexpedient to  separate  the  most  closely  allied  rockspe- 
ieg,  I  have  introduced  the  more  comprehensive  term  of  "  trachorheite." 
Tmchfte  occars  in  large  masses  not  only  in  Colorado,  but  also  in  other 
tatcs  sod  Territories  of  the  West,  Numerous  varieties  might  be  dis- 
Qj^isbed  by  special  names,  bnt  there  would  be  no  end  to  the  treasures 
f  nomenclature  were  snch  separations  attempted  at  the  present  time. 
.  characteristic  of  trachyte  is  the  constitutional  change  it  may  undergo 
itbJD  a  very  limited  space.  King  describes  an  ioatance  of  this  kind 
■am  the  vicinity  of  the  Cometock"  Lode.t    He  says,  "  It  is  of  the  sanidiu 

ariety," "  partly  a  pinkish  breccia,  very  loose  in  texture, 

ad  partly  of  a  grayiab,  abaly  sandstone  mass,  which  is  nulike  any  of 

le  trachyte  forma  obaerved  in  the  Great  Baain," "  but,  as 

approaches  the  main  trachyte,  becomea  more  and  more  cryatalline,  and 
uses  imperceptibly  into  the  ordinary  variety,  without  any  apparent 
iDctiou  line.  Certain  apecimens  cannot  be  separated  from  metamor- 
bic  BandBtonea."  Such  occurrences  are  not  rare  within  the  trachyte 
rua,  and  their  explanation  may  most  properly  t>e  sought  iu  the  differ- 
nt  methods  of  cooling.  It  remaina  to  be  obaerved  whether  the  char. 
eter  of  the  rock  is  auch  as  haa,  in  previoua  pagea,  been  designated  oa 
FQimorphic, 

It  bos  been  an  impoaaibility  for  me  to  find  any  definite  analogy  for 
hat  I  distinguish  na  trachyte  No.  i.  Its  similarity  to  ttmazite,  both 
9  a  rock  and  in  its  osaociatioDa,  has  been  pointed  out,  but  its  geolog- 
al  position  precludes  the  assumption  of  any  identity. 
Important  as  a  portion  of  the  entire  seriea  are  the  inclosnres  of  the 
^cbyte.  No  applicable  rule  governing  their  distribution  can  be  given. 
Q  Colorado  and  elsewhere  obsidian,  pumice,  and  pitch-stone  are  charac- 
irislicof  the  trachyte  group.  Occurring  in  nodules  or  bands,  they 
npart  a  peculiar  habitat  to  the  rocks  containing  them.  Varying  io 
ompOHlion  from  their  immediutesurronndinga,  they  vary  also  instruct* 
re.  AUasiou  has  above  been  made  to  the  concentric  structure  of  a 
ike  of  obsidian  observed  in  18734  -^^  analogous  case  occurs  in  Bo- 
eniia,  near  Teplitz,^  where  iwrphyry  shows  concentric  arrangement, 
ndveathers  so  as  to  simulate  a  half-opened  rose.  Whitney  haa  ob- 
^rci]  Himilar  couditioca  near  Old  Carson  Paaa.H  There  basaltic  lava 
!iB  been  poured  out  over  metamorpbic  granite.  Through  the  action  of 
eat,  ahd  probably  presaure,  the  latter  '■  has  a  concentric  structure  de- 
elopeil  in  it." 

Porphyritic  trachyte  is  a  term  which  hasflrstbeenappliedby  Mr.  Mar- 
ine to  a  definite  type  of  etuptives  in  Colorado.     In  speaking  of  Park 

'  F.  Boemer,  Geologie  <kid  Obei>c!ileaien.    BreelBu,  1B7D,  p.  363. 
tGeolm.  Exp].  40lb  Parallel,  vol.  ili,  1S70,  p.  36. 
t  Rap.  r.  8.  Oeol.  Bnrv.,  1873,  p.  345. 
Kotta,  Oeologiache  Bilder.    Leipiig,  1871,  p.  18T. 
i  QmI.  Sdtv.  CuL,  ia6.%  ToL  1,  p.  447. 
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View  Moontain,*  he  applies  that  name  to  the  rocks  composing  a  nam« 
ber  of  dikes.  Since  that  time  it  has  been  used  when  speaking  of  tbirtr 
])ecaliar  type  of  ernptives  whose  existence  was  first  demonstrated  in 
Colorado.  The  term  is  by  no  means  a  new  one,  but  the  ^^  ])orphyritio 
trachyte"  of  former  geologists  has  been  superseded  by  liparite.f  This 
name,  therefore^  may  be  applied  to  the  group  under  coosideration,  and, 
inasmuch  as  it  is  inverted  from  the  usual  trachyte-porphyry,  may  be 
elaimed  as  a  good,  specific  term. 

In  Europe  no  erupted  mountains  have  been  found,  so  far  as  I  am 
aware,  analogous  to  those  formed  by  the  group  of  porphyritic  trachyte 
In  our  own  country.  They  have  been  studied  very  carefully  and  suc- 
cessfully in  Colorado  by  various  members  of  the  United  States  Oeolog* 
ical  and  Oeographical  Survey.  Since  1873  their  structure  and  import- 
ance in  the  geologicitl  history  of  the  regions  has  been  recognized.  As 
the  survey  progressed,  one  mOontain-group  after  the  other  was  visited, 
until  to-day  we  are  enabled  to  present  a  thorough  analysis  of  distribu- 
tion and  structure.  There  is  scarcely  any  one  group  within  the  limits 
.of  Colorado  that  affords  so  inviting  and  remunerative  a  subject  of  study. 
It  has  been  found  that  the  same  class  of  mountains — ^referable  to  this 
group — that  occurs  iu  Colorado  extends  west  and  south.  The  Sierra  La 
Sal  and  Sierra  Absjo  in  Utah  and  the  Sierra  Carriso  in  Arizona  furnish 
evidence  of  this.  Mr.  Gilbert  has  studied,  within  the  past  few  years, 
the  Henry  Mountains.  From  his  brief  account^  it  appears  that  tiie 
occurrences  there  are  in  strict  conformity  with  those  we  have  observed 
in  Colorado.    He  says :  ^'The  strata  arch  over  the  crest  in  a  complete 

dome"; 'Hhe  top  of  the  dome  has  cracked  open,  and  tapering 

fissures  have  run  out  to  the  flank,  and  they  have  been  filled  with  molten 
rocic,  which  has  congealed  and  formed  dikes." ^^So  the  mount- 
ain (Mount  Ellsworth)  is  a  dome  or  bubble  of  sedimentary  rocks  with  an 
eruptive  core,  with  a  system  of  radial  dikes,  and  with  a  system  of  dikes 
interlaced  with  the  strata.  It  is  a  mountain  of  uplifted  strata,  distended 
and  permeated  by  eruptive  rock." 

From  a  description  of  the  Chisos  Mountains,  given  by  G.  O.  Parry,§ 
it  may  be  inferred  that  they  belong  to  the  same  class  of  ernptives. 
Wherever  they  have  been  observed  their  character  is  so  definite  that, 
once  recognized,  they  can  never  be  mistaken  for  any  others.  No  doobt 
subsequent  explorations  of  New  Mexico,  Arizona,  and  Utah  will  develop 
the  fact  that  the  horizontal  distribution  of  this  interesting  group  is  not 
so  circumscribed  as  it  now  appears  to  be. 

Khyolite  is  the  remaining  member  of  this  class  of  rocks.  Among  all 
of  them  this  one  has,  perhaps,  most  frequently  been  the  recipient  of 
misappellations.  Its  miueralogical  constiiution  brings  it  into  close  cod* 
nection  with  the  older  porphyries.  What  has  been  descrilied  as  quarts- 
porphyr  from  Transylvania  is  mostly  rhyolite.  Beudant  has  termed  it 
porhyre  trachy  tique.  Dacite  is  another  name  applied  to  the  Hungarian 
occurrences.  Bbyolite  is  the  name  proposed  by  Richthofen ;  nevadite 
is  one  of  his  rhyolitic  varieties.  Al  though  suflOicien tly  well  represented  in 
Colorado,  it  finds  its  greatest  development  farther  west  and  south.  Re- 
garding its  age  there  is  no  serious  disagreement  in  the  observations 
made.  It  is  younger  than  trachyte,  older  than  basalt  The  case  pro- 
duced by  Mr.  Marviue,  where,  at  Truxtou  Springs,  Arizona,  basalt  was 

♦  Rep.  U.  S.  Gool.  Sarv.,  1873,  p.  174. 

t  Compare  Cotta,  Geologie  der  Gei^Qwart.    Leipsiff,  1872,  p.  54. 
t  Rep.  OD  Geol.  of  the  eastern  portioQ  of  the  Uinta  MoaQtaiDB,  by  J.  W.  PoweU,  1876^ 
p.  20. 
i  Rep.  U.  8.  and  Mex.  3onnd.  Snry.,  W.  H.  Emory,  18o7|  vol.  i,  part  ii,  p.  56. 
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feond  OTerlyiDg  rhyolite,  is  one  that  certainly  invites  attention,  bat 
tannot  seriously  affect  the  position  which  is  generally  assigned  to  rhy- 
olite. 

Tbis  rock  presents  many  varieties.  At  times  it  resembles  a  typical 
porphyry,  showing  a  solid  paste  with  nnmerons  crystals  imbedded 
therein,  and  again  it  will  assnme  the  form  of  a  crystalline  aggregate. 
Whitney*  cites  an  instance  of  this  kind.  Near  Lassen's  Peak  there  is  an 
oecarrence  of  nevadite.  ^*It  has  a  resemblance  to  granite,  so  that,  at 
a  distance  and  without  close  examination,  it  would  be  taken  for  tha^; 
locf 

Ad  important  feature  of  rhyolite  was  discovered  by  Dr.  Loew.t  He 
found  that  nearly  all  the  rhyolites  he  examined  contained  either  traces 
or  small  quantities  of  nickel  and  cobalt.  He  determined  it  as  being  in 
the  form  of  oxide.  The  largest  quantities  he  obtained  were  out  of  speci- 
mens from 

Gila  Biver.  Sierra  Caliaro. 

Fickel  oxide >  ^  ^o  ^^^  «^«4.     i  trace. 

Cobalt  oxide... f  ^-^  Percent.   ^  o.02  per  cent 

ITsually  it  is  found  only  in  traces,  however.  This  fact  established  a 
curious  connection  between  the  rhyolites  and  meteorites.    Nickel  and  I 

cobalt  may  be  classed  among  tbe  metals  of  comparatively  rare  occur- 
rence. J.  Lawrence  Smith  statea|  that  he  has  made  over  one  hundred 
different  analyses  of  meteoric  iron,  and  never  failed  to  find  cobalt.  It 
is  evident  that  in  the  ordinary  course  of  a  rock-analysis  both  cobalt  and 
nickel  would  most  likely  be  lost,  so  that  we  may  safely  infer  that  the 
rhyolites  examined  by  Dr.  Loew  were  not  exceptional  cases,  but  may 
rather  be  regarded  as  expressing  a  usual  ingredient. 

One  of  the  most  widely-distributed  volcanic  rocks  is  basalt.  Fre- 
qaently  we  find  dolerite  associated  with  diabase.  This  latter  is  of  very 
litUe  importance  in  Colorado.  Both  south  and  west,  however,  it  has 
heen  found.  Mr.  Gilbert  mentions  a  sanidin-dolerite  from  the  San  Fran- 
cisco Mountains,  which  evidently  occurs  in  considerable  quantities. 

All  the  world  over  rocks  have  been  found  that  are  referred  to  basalt. 
A  number  of  varieties  have  been  distinguished,  dependent  mostly  upon 
tbe  presence  or  absence  of  some  characteristic  mineral.  In  the  most 
ancient  times  basalt  was  evidently  mistaken  for  the  highly-prized  lydite 
or  basanite.  According  to  Onenstedt,§  the  present  name  is  the  result 
of  an  error  committed  by  a  copyist  during  the  fifteenth  or  sixteenth 
century.  The  transition  from  basanites  to  basaltites,  the  old  name,  is 
not  a  difiBcult  one. 

In  every  respect  is  the  position  and  character  of  basalt  so  thoroaghly 
recognized  that  no  reference  need  be  made  thereto.  We  have  seen  that 
in  Colorado  large  areas  are  covered  by  it,  and  we  know  of  its  existence 
almost  throughout  the  entire  Western  country.  Its  age,  so  far  as  Col- 
orado is  concerned,  is  readily  established.  In  other  regions,  however, 
basalt  sometimes  bears  totally  different  relations  to  surrounding  sedi- 
mentary beds.  Geikell  claims  that  the  melaphyrs  in  Scotland  are  of 
Carboniferous  age.  The  basaltic  dikes  in  the  granite  of  the  Sweetwater 
region^  are  evidently  not  of  Tertiary  age,  but  older.    Other  instances 

*  GtooL  Bury.  Calif.,  1865,  vol.  i,  p.  315.  (I 

t£zpl.  and  Snry.  weet  lOOch  Mer.,  1M75,  vol.  iii,  p.  646. 

t  Aqi.  Joar  8oi.  and  Arte,  1870,  No.  ozlyii,  p.  331. 

f  Compare  Oaenstedt,  Handbaoh  der  Mineralogie. 

|G«olog.  fifagazine,  London,  1870,  p.  136. 

1  Compare  £ep.  U.  8.  Geol.  Soty.,  1870. 
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might  be  cited,  simply  sbowiof;:  that  the  conditions  necessary  for  the 
formation  of  that  prodact  which  we  call  tMtsalt  existed  long  before  the 
advent  of  the  Tertiary  epoch. 

For  Colorado  we  can  accept,  as  a  rale,  a  Tertiary  age  for  basalt 
Several  exceptions  seem  to  occar,  however.  We  have  in  basalt  the  vot 
caaic  eraptive  which  connects  the  prehistoric  eraptions  of  oar  continenl 
with  those  of  the  present  day.  In  previous  pages  reference  has  been 
made  to  a  statement  by  Dr.  Peale,  suggesting  that  the  time  of  the  ernp* 
tions  might  rather  be  measared  by  several  hundred  years  than  by  long 
periods  of  time.  All  geologists  who  have  explored  the  Western  States 
and  Territories  speak  of  the  remarkably  fresh  appearance  of  a  large 
quantity  of  the  ejected  materiaL  In  speaking  of  Utah  volcanics  Br. 
•Engelmann*  says:  ^^The  mineralogical  character  of  the  rocks  seems  to 
indicate  that  their  formation  began  prior  to  the  Tertiary  period  and 
continued  to  the  present  era."  Mr.  Gilbert  gives  a  description  of  some 
very  *^  fresh  "  specimens  of  lava  and  scoria  from  the  Lower  Sevier  Valley 
in  Utah.t 

In  New  Mexico  a  number  of  localities  occur  where  the  lava  is  simi* 
larly  fresh.  Dr.  Newberry  in  discussing  l^Iount  Taylorf  says :  ^^  The 
lava-streams  of  its  latest  eruptions  present  precisely  the  same  appear- 
ance as  those  of  Vesuvius  when  but  just  cooled."  His  examinations  of 
the  San  Francisco  Mountains  revealed  to  him  the  same  state  of  affairs. 
If  possible  the  condition  here  is  even  more  striking.  Newberry  states:^ 
^*  Some  of  the  currents  of  lava  which  have  flowed  down  the  sides  of  the 
San  Francisco  Mountains  belong  so  entirely  to  the  present  epoch  that 
they  have  dispossessed  still  running  streams  from  their  beds,  and  now 
occupy  their  places  in  a  congealed  flood  which  seems  but  just  arrested 
in  its  flow." 

As  we  advance  from  what  may  be  considered  as  interior  land  toward 
the  Pacific  Ocean,  or,  with  other  words,  as  we  leave  the  Eocky  Mount- 
tains  and  reach  the  coast-ranges,  we  find  still  more  positive  evidence  ot 
the  recency  ot  volcanic  eruptions.  Coincident  with  the  increasing  quan- 
tity of  points  of  eruption  and  with  the  younger  age,  we  find  that  the 
characteristic  of  ^^  massive"  eruption  is  gradually  disappearing,  and 
*'  volcanic  "  eruptions  take  their  place.  This  necessarily  results  in  the 
formation  of  crater-cones.  Mr.  Gilbert  ||  has  found  three  perfectly  dis- 
tinct craters  at  Ice  Spring,  near  Fillmore,  in  Utah.iJ 

Among  the  mountains  of  Washington  Territory  and  Oregon,  as  well 
as  in  California,  we  find  more  than  one  still  showing  signs  of  volcanic 
action.  iProminent  among  these  is  Mount  Shasta.  Professor  Whitney 
finds**  near  the  summit  of  this  peak  ^^  the  remains  of  the  edge  of  the 
crater,"  where  '^  there  are  several  orifices  from  which  steam  and  sul- 
phurous gases  are  constantly  escaping,  and  around  which  is  a  con- 
siderable deposit  of  sulphur,  some  of  it  being  handsomely  crystallized.' 
It  may,  in  truth,  be  called  a  small  solfatara.  Similar  conditions  occur 
near  Mono  Lake,  about  which  Whitney  says:tt  ^^To  the  north  lies  a 
group  of  islets ;"....  ^<  there  is  every  indication  that  the  volcanic 
action  has  ceased  at  a  very  recent  period,  or,  rather,  that  it  has  not  yet 
fully  died  out."   ....   ^'  This  portion  of  the  island  is  of  hard,  black 

*  Rep.  Ezpl.  across  the  Great  BasiD,  by  Capt.  J.  H.  Simpson,  in  1859,  Wash.,  1676, 
p.  307. 
tEzpl.  and  Sarv.  west  100th  Her.,  1875,  voL.iii,  p.  566. 
!  t  Rep.  Ezpl.  Ezp.,  1859,  J.  N.  Macomb,  1876,  p.  61. 

I  (  Rep.  npon  the  Colomdo  River  of  the  West,  J.  C.  Ives,  1861,  part  iii,  p.  66. 

tl  Ezpl.  and  Snrv.  West  100th  Mer.  1875,  vol.  iii,  p.  138. 
f  Compare :  Proo.  Am.  Ass.  Adv.  Soi.,  Hartford,  1874,  p.  89. 
••  Geol.  Snrv.  Calif.,  vol.  i,  1865,  p.  340. 
T  J  ft  Ibid.,  p.  453. 
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aaalt,  with  BomeBooria>  and  cindera."  ....  "  The  steam  and  hot  frnsea 
BCape  from  hundreds  of  vente,  asd  often  with  considerable  uoise." 

Aootber  very  promiuent  moaotain  of  the  DorthweBtero  corner  of  the 
rnited  States  has  been  found  to  Bhow  similar  conditions.  An  ascent  of 
[oQDt  Bainier,  which  is  nearly  14,500  feet  above  sea-level,  was  accom- 
liBhed  by  A.  D.  Wilson  and  8.  F,  Emmoas  in  1870.  In  a  paper  read 
y  Mr.  Emmoas,  in  l-'ebruary,  1877,  be  describes  the  ascent.*  It  waa 
wad  that  the  summit  of  tUis  peak  was  formed  by  an  ancient  crater- 
im,  nnd  that  on  the  interior  rim  there  were  nnmeroas  hot  jets  of  steam 
naiDg  from  nnder  the  snow. 

Maay  other  instances  of  this  kind  might  be  mentioned,  bat  these  will 
sffice  to  show  the  almost  imperceptible  counection  between  the  rigid 
Bsalts  and  others,  indicating  dormant  volcanic  activity.  These  latter 
re  gradnally  dying  oat,  and  within,  i>erbaps,  a  few  centnries  no  hoc 
Its  or  gases  will  any  longer  mark  the  spots  wbere  now  we  find  the  last 
DRering  remnants  of  a  former  volcanic  activity. 

Following  nortb  ward,  parallel  with  the  extensions  of  the  coast-ranges, 
M  within  the  Bocky  Monatains,  we  reach  still  active  volcanoes.  In  tfae 
Jaskan  Range  a  number  of  them  are  located.f 

It  is  almost  an  impossibility  to  draw  the  line  between  what  might 
roperl;  be  termed  basalt,  and  what  mnst  be  regarded  as  still  partly 
Btive  volcanic  material.  I  am  not  prepared  to  restrict  the  occurrence 
f  basalt  to  a  period  not  prior  to  the  Tertiary,  and  have  no  objection  to 
av6  the  yonnger  line  of  boundary  equally  ample.  Cottacontends^  that 
D  bowlders  of  true  basalt  or  tnicbyte  have  ever  been  fonnd  in  Europe 
I  Pre-Tertiary  conglomentic  deposits.  This  would  argue  an  inference 
irectty  in  opposition  to  the  view  of  Gieke,  which  has  been  given  above. 
hiDi  the  observations  made  on  the  Sweetwater  Biver,  iu  Wyoming,  I 
iODot  arrive  at  any  otber  conclusion  thau  that  basalt  existed  as  such 
Bfore  the  advent  of  the  Tertiary  period. 

Iu  connection  with  the  basalts,  I  wish  to  mention  the  occnrrence  of  a 
wk  discovered  in  tbe  Green  Biver  Basin.  In  want  of  a  better  name,  I 
lull  apply  that  of  " leucitopbyrite."  The  lencitophyrs  of  Italy  differ 
iDWwbat  from  that  observed  in  tbe  Green  Biver  Basin.  Emmous  states^ 
■at  the  rock  is  composed  of  a  light  gray  to  greenish  porous  paste,  with 
>me  mica.  Under  the  microscope  tbe  entire  rock  is  resolved  into  leu- 
Ce.  With  reference  to  its  age,  Emmons  says  it  has  been  poured  out 
not  only  since  the  deposition  of  the  later  Tertiaries  {Oreen  Biver 
*d  Vermillion  Creek  Groups),  bot  since  their  partial  removal  by  erosion." 
I'e  have,  therefore,  in  this  instance  a  volcanic  rock,  the  eroption  of 
hich  must  have  fallen  Into  a  period  of  time  during  which  a  portion  of 
le  basalts  were  ejected. 

In  order  to  present  a  synopsis  of  the  systematic  arraDgement  of  the 
[dcanic  emptives  of  tbe  Western  portion  of  the  United  States,  I  have 
repared  a  table  showing  tbeir  relative  positions  and  giving  synonyms 
I  applied  to  the  same  rocks  in  other  countries. 

*  Bnlletia  No.  3,  AmecicsD  GeoKr.  Hoc.  New  York,  IB77. 
t  Alatlia  and  its  Eesonrcee,  W.  K  Dall.,  IBTO,  p.  266. 
t  Oeoloffie  der  Geeenwart,  Lelpiig,  18T2,  p.  133. 
tV.8. G«oL  £ipL  40tb  Parallel,  vol.  ii,  1877,  p.  338. 
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Table  sliotoing  the  olanifioation  of  volcanic  eruptives/or  the  Boek^  Mwrni^ 

ainM  and  adjacent  regions. 

Kon.— Those  oocnrring  In  Colorado  ore  printed  in  small  oafs,  and  the  tynanyms  for  other  ooontrisi 
in  itaUet,    The  aRangement  begina  with  the  oldest  gronp. 

TOLCAinc  XRurmrBs. 

Basic:  Agidio: 

Propylite. 
Syn.:  ^nmocito,  Hungary. 
Griin9tdn'tra6k}fi  of  Gennan  geologisto. 

Andssitb. 

Syn. :  Andmi^te  of  the  Cordiliiem  fyBieni. 
Trachytk: 
Tbachytb  No.  1. 
SyD. :  TrachiftiOtuffa,  tranhyt-tuffat  Ger- 
many. 
Trachyte  No.  2,  and 
Trachyte  No.  3. 
Syo.:  Sanidine  and  oligoclaae  iraekste, 
Domite  of  the  Anvergoe.    Trackjft  of 
Germany.    Trapp-parphvr   by  Bach. 
TraShytehy BeuAant, of 'Hnnf^ary.  Id- 
closares  of  these  trachytes  are :  Pfr- 
litefOhndtantpitdk-tUmef  andporpkyrUk 
jntch'itons. 
Trachyte  No.  4. 
Bhyoute.      < 
Syn. :  NevadUe  of  Western  regions.  Skg^ 
lite  and  dadU  of  Transylvania.    Qwttri2' 
porphyr  of  older  German   geologists. 
Porphyre  traekyUque  of  Hungary,  by 
Bendant. 
Porphyritic  trachyte. 
In  the  present  acceptation  this  has  no 
synonym.    Liparite  expresses  what  for- 
merly was  termed  porphyritic  trachyte. 
Diabase. 
Syn.:    Trapp  of  Germany  and  Eastern 
States. 
Dolerite. 
Syn.:  Trapp,  Varieties  are  termed  nepfte- 
ZiiuJoIeKte  of  Germany,  and  ianidine^U- 
rite  of  New  Mexico. 
Lencitophyrite. 
Syn.:  X^uci^opAjrv  of  Germany  and  France; 
lencit&rock  of  Green  Biyer  Basin. 
Basalt. 
Syn.:  Trapp   of  Germany  and  Eastern 
States.    Varieties  of  basalt  are  fMHa- 
pkyr,  d^c    Inclosnres :  Olivinytey  &e. 

ORIGIN  OP  ERUPTED  ROCKS. 

At  the  close  of  the  deBcription  of  the  erupted  rocks  of  Colorado,  a 
brief  discassion  of  the  origin  of  sach  material  may  here  find  its  place. 
It  is  Dataral  that  the  stady  of  the  products  of  plutonio  and  volcaDic 
activity  will  create  In  the  mind  of  every  stndent  some  conception  as 
to  the  forces  to  which  sach  products  owe  their  existence  and  present 
position.  It  is  equally  natural  that  every  individual  mind  may  grasp 
more  particularly  one  point  observed  that  might  have  escaped  the  at- 
tention of  others.  Thus  the  result  evidently  will  be  that  each  writer 
on  the  subject  will  show  a  personal  coloring  illustrative  of  the  predomi- 
nant direction  towards  which  his  views  incline.  It  is  not  my  intentiop 
to  presenti  at  the  close  of  this  paper,  an  exhaustive  review  of  the  van- 
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008  hypotheses  and  theories  tending  to  explain  the  phenomena  of  dy- 
namical geology.  An  oatline  will  be  given  of  the  suggestions  th&t  have 
offered  themselves  from  the  examination  of  the  eruptive  rocks  of  Colo-  [ 

lado.  In  case  subsequent  investigations  may  prove  the  inductions  here 
derived  from  observation  to  be  correct  they  can  readily  be  applied  to 
other  localities. 

Id  any  discussion  upon  the  probable  source  of  volcanic  activity,  we 
mast  take  for  granted  the  high  temperatures  existing  within  the  interior  | 

of  the  earth.  These  are  universally  conceded,  and  amply  demonstrated 
by  facts.  It  is  essentially  immaterial  whether  we  assume  that  the  in- 
terior of  the  earth  is  in  a  truly  liquid  state,  or  whether  we  regard  its 
oondition  as  merely  plastic.  Of  these  the  former  hypothesis  is  incon- 
sistent, however,  with  the  absence  of  internal  tides,  in  case  we  assume 
the  earth's  crust  to  be  a  thin  one  as  compared  to  its  entire  diameter. 
Ko  observations  tend  to  show  that  such  tides  exist. 

Formerly  the  central  liquid  or  plasticstate  of  the  earth's  interior  was  re- 
garded as  furnishing  the  material  for  volcanic  eruptions.  More  compre- 
bensive  observations  and  a  more  thorough  knowledge  of  the  character- 
istics of  volcanoes  have  led  to  the  abandonment  of  this  theory.  It  is  now 
assumed  and  the  assumption  is  accepted  by  most  geologists,  that  certain 
drcumscribed  portions  beneath  the  earth's  surface  that  must  still  be  re- 
garded as  integral  parts  of  its  crust,  are  in  a  condition  either  approaching 
or  actually  exhibiting  liquidity.  From  such  portions  which  may  aptly 
be  designated  as  ^'  reservoirs,"  is  derived  the  material  ejected  during 
volcanic  eruptions.  No  means  are  at  hand  to  establish,  definitely,  any 
depth  at  which  they  should  occur.  From  phenomena  attending  vol- 
caDic  eruptions,  however,  it  may  be  inferred  that  they  are  located  at 
a  depth  that  must  be  regarded  as  shallow  when  compared  with  the  en- 
tire diameter  of  the  earth.  Seismic  action  is  one  of  the  most  charac- 
teristic results  of  disturbances  of  equilibrium^  occurring  within  certain 
regions  or  zones  of  the  earth's  crust.    The  prevalence  of  earthquakes  j 

at  aay  given  locality  furnishes  a  criterion  as  to  the  relative  condition  of  , 

nnderlying  portions  of  the  crust.    Most  frequently  they  may  be  ob-  | 

served' in  regions  that  are  the  scene  of  volcanic  activity,  but  they  ex-  j 

tend  far  inland  from  any  present  point  of  volcanic  eruption.  A  defi- 
nite relation  may  frequently  be  traced  between  seismic  occurrences  of 
oue  section  and  eruptions  of  the  nearest  active  volcanoes.  A  rather 
striking  example  is  afforded  by  a  comparison  of  the  slight  earthquakes 
felt  in  Switzerland  and  the  eruptive  activity  of  Vesuvius. 

From  the  act  of  eruption  and  from  the  products  thereof  we  can  gather 
only  rather  general  views  as  to  the  origin  of  and  the  causes  producing 
it.  The  ejection  of  lava  is  usually  accompanied  by  the  discharge  of 
watery  vapor,  of  carbonic  and  hydrochloric  acid  gases,  and  hydrogen, 
boUi  free  and  in  combination  with  sulphur  and  carbon.  These  elements 
or  compounds  have  not  all  entered  into  the  composition  of  the  lava  vo 
sny  extent,  but  occur  independently  thereof.  Seducing  all  of  them  to 
tfaeir  original  elements,  we  Und : 

Hydrogen^ 

Oxygeuy 

nitrogen^ 

Chlorine^ 

Carbon^  and 

Sulphur. 

Of  these,  oxygen,  carbon,  and  sulphur  are  most  frequently  observed 
in  the  lava  itself.    Direct  oxygen  compounds  and  silicates  make  up  the 


i 

i 
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largest  portion  of  tbo  lava.  Carbonates,  sulpharets,  and  other  combined 
forms  occur  comparatively  sparingly,  and  must  be  regarded,  in  many 
instances,  as  epigene  products. 

From  tbe  evidence  adduced  by  erupted  material,  therefore,  we  can 
infer  that  those  portions  of  the  earth's  crust  which  furnish  the  ejected 
masses  are  composed  of  direct  oxygen  compounds  and  silicates  mainly. 
These  two  classes  make  up  by  far  the  largest  proportion  of  the  crust,  so  far 
as  it  has  been  possible  to  study  it.  Several  of  the  elements  must,  there- 
fore, be  accounted  for :  hydrogen,  nitrogen,  chlorine,  carbon,  and  sul- 
phur. In  attempting  to  explain  the  presence  of  these  elements  at  very 
considerable  depths,  we  touch  upon  a  subject  which,  in  this  connection, 
becomes  one  of  the  utmost  importance.  This  is  the  subject  of  infiltra- 
tion. 
i  '  .  The  emission  of  water  during  volcanic  eruptions  has  been  a  subject  of 

I  careful  study.    From  the  fact  that  active  volcanoes  are  found  almost 

exclusively  in  the  vicinity  of  large  bodies  of  water,  the  hypothesis  has 
been  derived  that  they  are  in  direct  connection  with  such  bodies.  A 
number  of  theories  have  been  advanced  explanatory  of  the  method 
whereby  the  water  could  find  access  to  the  regions  of  high  temperature. 
Others  have  assumed  that  the  aqueous  vapors  emitted  were  merely  tbe 
,  equivalent  of  precipitated  moisture  or  of  direct  leakage.    Either  one  of 

the  views  undoubtedly  expresses  a  portion  of  the  truth.    It  is  eminently 

probable  that  water  precipitated  in  the  immediate  vicinity  of  volcanic 

vents  may  find  its  way,  as  drainage,  to  such  depths,  from  which  it  will 

be  ejected  by  force.    On  the  other  hand,  fissures,  in  connection,  perhaps, 

1  with  standing  bodies  of  water,  mny  conduct  a  certain  amount  of  it  to 

I  the  upper  portions  of  the  liquefied  rock.     Besides  these  sources,  bow- 

,  ever,  we  have  that  of  the  perpetual  percolation  of  water  to  great  deptbs. 

It  is  an  accepted  theory  that  water  penetrates  the  rocks  composing  the 
earth's  crust  to  a  far  greater  depth  than^  has  been  reached  by  man.  We 
have  here,  then,  a  prolific  source  of  oxygen  and  hydrogen.  Oarbonio- 
acid  gas  is  equally  assumed  to  penetrate  to  very  great  depths.  As  a 
concomitant  of  water  it  is  well  known.  Sulphates  and  chlorides  can  be 
found  in  aqueous  solutions,  and  chlorides  are  the  main  mineral  constita- 
ents  of  sea- water,  readily  held  in  solution.  Sir  H.  Davy  and  others  hare 
assumed  the  presence  of  atmospheric  air  in  volcanoes,  occurring  at  depths 
sufficiently  great  for  tbe  purpose  of  decomposition.  We  have,  there- 
fore, in  the  afflux  of  water  and  the  compounds  it  usually  holds,  either  in 
solution  or  mechanical  retention,  the  means  of  explaining  the  presence 
of  all  gaseous  elements  or  compounds  observed  in  connection  with  vol- 
eanic  eruptions. 

Having  thus  briefly  alluded  to  the  evidence  furnished  by  volcanic 
eruptions  referable  to  admixtures  that  can  be  regarded  as  accidental, 
when  compared  with  the  lava  itself,  we  proceed  to  the  consideiation  of 
the  causes  producing  such  eruptions. 

In  the  presence  of  water  at  depths  where  the  temperature  must  show 

a  very  high  degree,  we  have  a  factor  that  is  capable  of  very  great  ex- 

\  pansive  power.     Analogous  to  eruptions  of  geysers,  the  eruptions  of 

\  volcanoes  have  frequently  been  regarded  as  being  due  to  the  change  of 

water  into  steam.    No  more  powerful  agent,  perhaps,  could  be  imagined 
I  than  steam  for  propelling  through  existing  fissures  the  liquefied  rock-- 

I  the  lava.    Accepting  the  theory  which  seeks  the  origin  of  lava  not  in 

the  central  fluid  or  plastic  masses  of  the  earth,  but  in  *'  reservoirs,"  more 
or  less  localized,  it  becomes  incumbent  to  account  for  the  liquefaction  of 
those  portions  of  rigid  rock  which  have  filled  the  reservoirs. 

Numerous  views,  intended  to  explain  the  formation  of  such  reservoirs 
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have  been  advanced^  Tbey  have  been  regarded  as  portions  that  were, 
bj  some  means,  separated  from  the  central  ilaid  or  plastic  mass.  Pro- 
cesses of  chemical  decomposition  and  formation  of  new  compounds  have  i  I 
been  qnoted  as  causing  a  sufficiently  high  degree  of  temperature  to  pro- 
diiee  viscidity  of  the  rocks.  Pressure  aneqnally  distributed  has  been 
adduced  as  a  factor  capable  of  producing  the  same  result. 

So  far  as  my  investigations  have  led  me,  I  have  arrived  at  the  con- 
elusion  that  the  formation  of  reservoirs  containing  liquefied  rocks  or, 
mug  the  general  term,  lava  is  the  result  of  primarily  irreghlarly  dis- 
tributed pressure  and  chemical  action.  In  order  to  present  this  view 
more  clearly,  I  shall  present  a  synopsis  of  the  methods  employed  in  pro- 
doeing  the  obvious  result  of  volcanic  eruption.  -  First,  I  shall  endeavor 
to  point  out  those  facts  connected  with  pressure,  and  then  the  character 
of  tbe  chemical  changes  which  tbe  rocks  undergo. 

Gbarles  Babbage  conceived^  in  1834,*  that,  in  consequence  of  the 
cbaoges  going  on  at  the  earth's  surface,  changes  produced  by  the  re- 
moval and  redeposition  of  portions  of  the  solid  rocks,  the  surfaces  of 
^<eqaal  temperatore"  within  its  crust  must  be  continually  changing.  As 
tbe  result  of  snch  changes  he  concludes  that  ^^ rents  may  be  formed, 
mountain-chains  raised,  and  even  continents  elevated.''  !Recognizing 
very  clearly  the  direct  influence  of  such  a  change  of  equilibrium,  Bab* 
bage  has  probably  overestimated  tbe  extent  of  the  results  which  might 
be  produced.  Two  yeara  later  Sir  John  Herschell  expressed  similar 
views  more  fully  in  a  letter  to  Charles  Lyell.t  He  says:  ^'Supposing 
tbe  whole  (earW%  crust)  to  float  on  a  sea  of  lava,  the  effect  (0/  aceumu* 
hted  sediment)  would  merely  be  an  almost  infinitely  minute  flexure  of 
tbe  strata;  but  supposing  the  layer  next  below  the  crust  to  be  partly 
solid  and  partly  fluid,  and  composed  of  a  mixture  of  fixed  rock,  liquid 
lava,  and  other  masses  in  various  degrees  of  viscidity  and  mobility, 
great  inequalities  may  subsist  in  the  distribution  of  pressure,  and  the 
consequence  may  be  local  disruption  of  the  crust  where  weakest,  and 
escape  to  the  surface  of  lava."  Essentially  the  same  idea  as  expressed 
by  Babbage,  tbe  view  of  Herschell  presumes  conditions  which  may  par- 
tially be  granted,  and  the  results  he  deduces  therefrom  are  in  propor- 
tion to  the  original  force  employed.  He  states  further  that  in  case  the 
process  of  sedimentation  be  continued  to  that  t>oint  until  <' some  support 
gives  way,"  a  portion  of  tbe  solid  crust  breaks  down,  thus  forming  one 
or  more  vents  for  tbe  ejection  of  liquid  lava.  Into  the  opening  thus 
formed  the  liquid  will  rise  by  simple  hydrostatic  pressure.  With  in- 
creasing height  of  the  column  or  sheet  tbe  pressure  diminishes  until  a 
point  is  reached  where  the  ^'ignited  water"  can  become  steam.  Then 
the  joint  specific  gravity  suddenly  diminishes,  and  there  is  violently 
forced  upward  a  mixture  of  lava  and  steam. 

In  this  way  Herschell  explains  the  production  of  volcanic  eruptions  as 
directly  the  result  of  pressure  caused  by  accumulations  of  sediment. 
One  of  the  main  conditions  essential  to  this  explanation  is  the  breaking 
of  ^  some  support."    Though  undeniably  this  may  be  supposed  to  occur,  , 

it  is  an  occurrence  that  would  probably  result  in  a  violent,  short  erup- 
tion, and  not  in  one  continuing  for  ages.  Acceptable  as  this  expla- 
nation of  the  origin  of  volcanic  eruptions  is,  it  has  a  bearing  most  di- 
rectly upon  a  short,  destructive  series  of  ejections,  rather  than  a  long, 
continued  one. 

T.  Bterry  Hunt  has,  for  a  number  of  years,  paid  much  attention  to 
tbi8qnestion,and  has  furnished  many  valuable  contributions  thereupon : 

*  Proo.  Qeol.  Soc.  of  LoDdon,  1834,  yoI.  ii,  p.  75. 
t  Proc  Geol.  Soc.  of  London,  ISSG,  vol.  ii,  p.  54S. 
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*  *^  We  ooDceive  that  the  earth's  solid  crast  of  anhydroas  aud  prim* 
itive  ingneoas  rook  is  everywhere  deeply  coDoealed  beneath  its  own 
ruins,  which  form  a  great  mass  of  sedimentary  strata,  permeated  by 
water.  These  rocks,  at  a  sufficient  depth,  are  necessarily  in  a  state  of 
igneo-aqueoos  fusion,  and  in  the  event  of  fracture  in  the  overlying 
strata,  may  rise  among  them,  taking  the  form  of  eruptive  rocks." 
Lyellt  says:  '*The  permanent  elevation  and  subsidence  of  land  now 
observed,  and  which  has  been  going  on  throughout  past  geological  ages, 
may  be  connected  with  the  expansion  and  contraction  of  parts  of  the 
solid  crust,  some  of  which  have  been  cooling  from  time  to  time,  while 
others  have  been  gaining  fresh  accessions  of  beat" 

Such  aud  similar  views  have  been  advanced  to  explain  the  sources 
Arom  which  the  volcanic  material  might  bo  dmved.  Taking  a  totsltj 
different  ground  are  those  explanations  of  the  source  of  heat  which  are 
founded  upon  purely  chemical  bases. 

Kefersteio,  in  1834,}  contends  that  volcanic  phenomena  have  their 
origin  in  sedimentary  strata,  and  that  they  are  the  result  of  chemical 
changes  there  going  on.  As  Hunt  correctly  remarks,  §  Eeferstein  baa 
placed  his  hypothesis  upon  an  untenable  basis  by  ^4guoriog  the  incan- 
descent nucleus  as  a  source  of  heat."  Bischoff,  who  made  numeroas 
experiments  relative  to  the  fusion  of  rocks,  came  to  the  conclusion  tbat 
the  presence  of  carbonic-acid  gas  at  great  depths  would  produce  decom- 
position of  the  silicates.  Carbonates  would  be  formed  in  conseqnence, 
and  the  increase  of  bulk  might  readily  produce  mechanical  uplifting  of 
strata  and  other  phenomena. 

My  friend,  Gapt.  G.  E.  Dutton,  has  published  a  series  of  highly  inter- 
esting speculations  as  to  the  earth's  physical  evolution.  ||  He  takes  the 
hydrothermal  theory  of  metamorphism  for  granted,  and  assumes  that  the 
process  is  an  intensified  solvent  power  over  silica,  alumina,  and  otber 
ininerals.  By  this  means  the  original  combinations  are  broken  up.  He 
regards  the  results  obtained  with  reference  to  the  minerals  as  essentially 
the  same  as  the  soluble  hydrates  obtained  in  the  laboratory.  This  pro- 
duction or  change  is  accompanied  by  a  large  diminution  of  the  specific 
gravity.  Although  the  assumptions  cannot  be  prov^,  as  the  entire 
nature  of  the  process  is  not  understood,  we  are  enabled,  judging  from 
analogies,  to  conceive  the  possibility  and  even  probability  of  such  con- 
ditions as  Dutton  supposes  to  take  place. 

Making  a  careful  survey  of  the  most  prominent  hypotheses  proi)08ed, 
and  eliminating  such  features  as  seem  to  me  irreconcilable  with  facts 
observed,  I  have  arrived  at  a  series  of  results  that  are  set  forth  in  the 
subjoined  pages.  It  will  be  necessary  to  revert  to  some  questions  already 
touched,  for  the  purpose  of  a  complete  understanding  of  the  views  held. 

Within  the  interior  of  the  earth's  crust  we  have  certain  definite  zones 
of  heat.  To  what  degree  the  temperature  may  rise  is  immaterial.  The 
distance  of  these  zones  from  the  centre  of  the  earth  will  vary  propor- 
tionately to  the  amount  of  pressure  at  any  given  point.  In  accordance 
with  Herschell,  we  assume  that  the  deposition  of  enormous  quantities 
of  sediment  at  any  point,  or  along  any  line,  will  eventually  prodnce  a 
flexure  or  fracture  of  the  underlying  masses  of  rigid  rock.  This  fleznre 
or  fracture  will  be  expressed  by  a  movement  of  the  disturbed  portions 

*  Canad.  Joar.,  May,  1858,  yoI.  iii,  p.  207. 
t  Principles  of  Geology,  1868,  vol.  li,  p.  S42. 
X  NatQrffescbichte  des  Erdkorpere,  vol.  i,  p.  109. 
$  Am.  Jour.  Sci.,  July,  1860. 
II  FeoD.  Monthly,  May,  1876,  Philada. 


tmjOLl  OBIQIN  OF  ERUPTED  BOCKS.  267 

toworda  the  centre  of  tbe  earth.  Thereby  the  iaothermal  zones  withio 
the  earth's  crast  will  be  changed. 

For  the  parpose  of  illaetmtion,  we  will  take  the  zone  of  liqQefaction. 
Id  case  certain  portions  of  the  earth's  eraat  are  forced  nearer  towards 
theoeatre  of  the  earth,  there  will  be  a  tendency  towards  re-establish- 
ment of  the  disturbed  eqnilibriam.  Bocks  and  portions  of  rocks  that 
have  heretofore  been  in  a  rigid  condition  have  passed  the  zone  of  liqne- 
bction.  Necessarily,  this  influx  of  heat  absorbing  material  will  cbauge 
theabsolnte  limits  of  this  zone.  A  portion  of  the  intrudiug  material 
will  be  liquefied ;  another  portion  will  assume  a  higher  degree  of  tem- 
perature ;  a  portion  may  or  may  not  retain  its  former  conditions. 

Frimarilyt  additional  pressure  is  exercised  within  this  group  by  the 
rocks  changing  from  rigidity  to  plasticity,  and  to  viscidity.  According 
to  experiments  by  BiachofT,  granite,  lor  instance,  loses  more  than  10  per 
cent,  of  its  volume  in  passing  A'om  a  melted  or  plastic  condition  to  rigid- 
ity.* Beversiog  the  proposition,  we  flod  that  a  rock  representing  the 
type  that  we  might  expect  to  find  within  the  interior  of  the  earth's  crust 
^iusmore  than  10  per  cent,  by  being  melted.  This  prensare,  again, 
will  exercise  its  influence  in  still  further  increasing  tbe  degree  of  beat, 
iDd  will  thus  produce  a  riscons  condition  of  some  portions  that  other- 
wise woald  have  remained  plastic  or  perhups  even  rigid.  This  influeoce 
will  make  itself  felt  within  certain  limits,  defined  by  the  qaautity  of 
originally  remelted  material. 

In  this  manner  we  may  assume  that  what  have  been  designated  as 
"reservoirs"  are  formed.  In  speaking  of  the  condition  of  the  earth's 
ioterior,  tbe  term  "  liquid  or  plastic  "  has  been  used  in  previous  pages. 
Inasmnch  as  the  questions  involved  did  not  directly  affect  this  |K)iDt, 
the  term  was  thus  used.  It  seems  to  me  that  the  hypothesis,  supposing 
the  existence  of  a  solid,  anhydrous  nucleus,  and  a  liquid  zone  between 
it,  and  the  rigid  cmst,  is  not  snOlciently  well  sustained  to  demand  accep- 
tation. More  in  conformity  with  phenomena  observed,  and  better 
adapted  for  the  snpport  of  many  most  important  hypotheses  and  theo- 
ries, is  the  assumption  which  regards  the  interior  of  the  earth  as  being 
ma  plastic,  anhydrons  condition.  Between  thisanhydrous,  ceotrul  mass 
and  the  exterior  crust  lies  a  thermal  zone  containing  disconnected  areas 
of  liquefied  rocks.  These  are  the  reservoirs.  Their  extent  is  directly 
pcoportiooate  to  the  amount  of  accumulated  se<)imeDtatiou,  and  to  the 
lolvent  powers  of  Eucb  agents  as  may  be  employed. 

As  solvent  agents  we  may  regard  primarily  the  direetly  acting  pres- 
Ure,aDd,  aecondarily,  the  presence  of  water  and  other  compounds.  It 
wems  eminently  probable,  and,  so  far  as  experimental  knowledge  goes, 
the  sappoei lion  is  supported,  that  water  under  great  pressure  and  at  high 
temperatures  will  act  as  a  most  powerful  agent  in  breaking  up  the  com- 
position of  minerals  constituting  the  rocks  at  such  depths.  In  tnis  con- 
dition of  hydrothermal  aolntiou  we  may  assume  that  a  hydration  of  some 
of  the  compounds,  so  far  as  they  may  still  be  iudividuulized,  will  take 
place.  Bnch  hydration  necessitates  a  decrease  of  specific  gravity,  an 
increase  of  volume.  It  is  impossible  to  measure  the  quantities  to  which 
this  would  amount,  because  we  are  not  able  to  reproduce,  artificially, 
the  coDuitioDs  existing  at  the  depths  we  are  speaking  of.  Hunt  says:t 
''The  mechanical  pressure  of  great  accumulations  of  sediment  is  to  be 
n^rded  as  co-operating  with  heat  to  augment  the  solvent  action  of  the 
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water,  and  as  being  thaa  one  of  the  efScient  causes  of  the  liqaefaction 
of  deeply-buried  sedimentary  rocks." 

Conceding  these  views,  we  have  a  double  action  producing  a  decrease 
of  specific  gravity.  We  have  the  mechanical  action  produced  by  pres- 
sure, and  we  have  the  result  of  chemical  changes  of  hydration.  The 
pressure  produced  within  the  limits  of  the  reservoir  will  tend  to  increase 
its  size.  As  fresh,  undisturbed  zones  are  reached  by  the  spreading  ac- 
tion, new  acquisitions  of  chemical  solvent  agents  will  be  encountered. 
Heat  will  be  lost  in  the  conversion  of  this  fresh  supply  from  a  rigid  to 
a  plastic  or  liquid  condition.  It  is  evident,  therefore,  that  the  enlarge- 
ment of  the  reservoir  will  eventually  reach  a  point  beyond  which  it  will 
progress  but  very  slowly.  Should  the  effects  of  superimposed  sedimen- 
tation, which  have  gradually  wrought  this  condition,  cease,  then,  too, 

i  will  the  process  of  liquefaction  progress  no  further. 

I  In  case  the  reservoir  thus  formed  is  sufficiently  near  the  surface  of 

the  earth,  the  strain  incident  upon  its  generation  will  be  entirely  suffi- 
cient to  produce  seismic  phenomena.  These  may  be  manifested  simply 
by  vibrations  and  concussions,  or  they  may  result  in  the  formation  of 
fissures.  In  addition  to  this  method  of  forming  fissures  we  are  ac- 
quainted with  many  other  modes.  Perhaps  one  of  the  most  striking  is 
that  suggested  by  8ir  John  Herschel,  which  has  been  given  above. 

At  the  time  of  the  opening  of  a  fissure  or  series  of  fissures  we  have, 
within  the  reservoir,  certain  definite  conditions ;  a  more  or  less  homo- 
geneous magma  has  been  formed  by  the  liquefaction  of  the  original 
rocks ;  the  mass  is  in  the  condition  of  maximum  tension  ;  water  is  held 
there  at  very  high  temperatures  and  under  great  pressure ;  gaseous 
vapors  which  have  been  reduced,  even  at  such  great  heat,  to  liquidity 
may  be  retained  within  the  limits  of  the  reservoir. 

Upon  the  opening  of  the  fissure  the  viscous  mass  will  rise  into  it  by 
hydrostatic  pressure.  Should  the  lava  then  reach  points  where  the  con- 
ditions are  no  longer  such  as  to  retain  water  and  liquefied  gases  in  the 
same  state  as  within  the  reservoir,  these  will  suddenly  expand,  and, 
under  favorable  circumstances,  produce  the  phenomenon  of  catastropbio 
volcanic  eruptions.  Where  either  th*^  configuration  of  the  fissure  or 
the  tension  of  the  material  within  the  reservoir  are  such  as  to  preclude 
an  occurrence  of  this  character,  we  will  have  dififerent  results.  Either 
the  lava  will  ascend  into  the  fissure  until  it  flows  over,  with  the  demon- 
stration of  violent  force,  at  the  surface,  or  the  lava  will  rise  within  tbe 
fissure  until  hydrostatic  pressure  and  expansion  of  gases  can  no  longer 
propel  it  upward.  By  the  agency  of  heat,  decomposition  of  water  may 
take  place,  and  the  additional  quantities  that  may  be  encountered  on 
the  way  upward  will  be  utilized  to  a  certain  extent.  This  feature  seems 
to  account  for  the  presence  of  hydrogen  and  chlorine  during  volcanic 
eruptions  of  the  present  day,  while  nitrogen  would  be  derived  from  tbe 
decomposition  of  atmospheric  air  which  was  enclosed  within  the  fused 
masses. 

Should  the  eruption  be  essentially  a  slow  one,  it  may  easily  occur 
that  the  liquid  masses  will  be  cooled  down  sufficiently,  and  the  conditions 
of  pressure  may  be  favorable  to  the  sudden  conversion  of  superheated 
water  to  steam,  an<l  liquefied  gases  to  vapors  at  very  considerable  depths. 
This  in  turn  would  tend  to  restore  tbe  original  conditions  of  equilibriam, 
which  now  would  be  abnormal.  Continued  deposition  of  sediment,  tbe 
everchanging  absolute  'position  of  the  zone  of  liquefaction,  and  the  at- 
tempted restoration  of  static  conditions  would  eventually  result  in  a 
repetition  ot  the  same  occurrences.    Fissures  would  again  be  formed  at 


In  the  year  1873, 1  was  strack  with  the  altimate  similarity  of  some  of 
the  metamorphio  rocks  and  the  trachorheitic  ernptions  observed  in  Col- 
orado. I  then  published,  withoat  farther  elaboration,  the  opinion  that 
I  regarded  the  latter  simply  as  the  result  of  the  fusion  of  granites t.  At 
the  same  time,  Dr.  Peale  came  to  similar  conclusions,  fie  suggests,} 
whether  the  eruptive  granites  of  the  Elk  Mountains  might  not  prep- 
ay be  regarded  as  a  remelted  metamorphio  granite,  and  points  out  the 
poesible  establishment  of  a  direct  connection  between  the  trachytes  and 
the  granites  of  that  region. 

The  more  I  had  an  opportunity  to  study  the  eruptives  of  Colorado, 

*Am.  Joar.  Sci.  and  Arts,  T.  8.  Hant,  yoL  4,  p.  S26. 
t  Rep.  U.  8.  Geol.  Sorv.,  1B73,  p.  350. 
t  Ibid.,  p.  261. 
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the  points  and  along  the  lines  of  least  resistance,  and  fused  rocks  would 
be  ejected  within  the  same  region  successively  for  a  long  period  of  time. 

All  the  phenomena  which  must  be  the  inevitable  resultants  of  such 
cooditions  and  occurrences  as  are  assumed  above  to  take  place,  have 
been  observed  within  the  range  of  the  study  of  vulcanicity. 

As,  perhaps,  the  primary  conditions,  we  must  regard  the  accumula-  1 1 

tioD  of  sediment  at  any  one  point,  or  along  a  certain  line.    This  will  be  [ 

most  readily  effected  along  the  edges  of  large  bodies  of  water.    There  !  | 

ve  find  to-day  the  best  development  of  volcanic  activity.    Eruptions  ;  1^ 

that  belong  to  past  geological  periods  may  be  found  to  have  taken  j 

place  in  regions  which  were  similarly  situated.    Near  the  borders  of  I 

large  bodies  of  water  this  liquid  has  the  best  opportunity  of  penetrating 
throogh  rocks  to  the  greatest  depths.  Hence  it  is  there  that  we  will 
fiod  the  best  supply  of  so  powerful  a  solvent  agent.  According  to 
Scheerer*  the  ^^  presence  of  5  or  10  per  cent,  of  water  may  suffice,  at 
temperatures  approaching  redness,  to  give  to  a  granitic  mass  a  liquid- 
ity partaking  at  once  of  the  character  of  an  igneous  and  aqueous  fusion.'' 

Eruptions  have  been  observed,  showing  the  action  of  some  suddenly- 
developed  force,  and  islands  have  thus  been  formed,  some  of  which  have 
remained  to  the  present  day,  while  others,  again,  have  disappeared. 

As  a  rule,  the  rocks  forming  lavas  do  not  consist  of  hydrated  miner- 
als. Exceptions  are  formed  by  many  occurrences  of  quartz,  however. 
Nearly  always  the  matrix  of  semi-opal  or  opal  has  proved  to  be  of  un- 
doubted eruptive  origin.  Here,  then,  we  have  an  instance  in  which  the 
water  was  retained  as  a  component  part  of  the  primarily  anhydrous 
mioeral.  It  is  highly  probable  that  minerals — ^if  retaining  any  individu- 
ality in  the  fused  magma — and  the  magma  itself  have  lost  their  water 
at  that  point  when  it  was  rapidly  converted  into  steam.  Generally, 
hivas  show  more  or  less  porosity.  This  characteristic  feature  is  evi- 
dently the  result  of  gaseous  enclosures.  A  large  percentage  of  the  en- 
closed gases  must  be  referable  to  atmospheric  air.  But  the  vesicular- 
ity  is  often  observed  at  such  points  where  air  could  scarcely  have  had 
any  access  to  the  lava.  Without  assuming  too  much,  then,  the  vapor 
producing  this  porosity  may,  in  many  instances,  be  referred  to  steam. 
Any  gas  of  specific  character  would  probably  have  produced  such  alter- 
ations of  the  immediate  surroundings  of  its  enclosing  mass  that  its  for- 
mer presence  could  even  now  be  detected. 

The  views  above  given  were  suggested  by  a  study  of  the  eruptive 
rocks  in  Colorado,  and  to  my  mind  they  offer  perfect  agreement  with 
the  observations  that  led  to  their  present  form. 

ORIGUir  OF  THE  ERUPTED  BOOKS  OP  COLORADO. 
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the  more  firmly  I  became  conrinced  of  the  correctness  of  the  bypothesia 
We  bave  in  Colorado  mainly  tbe  two  great  groups  of  volcanic  eraptives, 
tbe  tracborbeitio  and  tbe  basaltoid.  Of  tbese,  I  regard  tbe  former,  to- 
getber  witb  tbe  Elk  Mountain  ernptives,  as  remelted  metamorpbic  gran- 
ite,  and  tbe  latter  as  tbe  product  of  a  series  of  bydrotbermal  fosioDS. 
In  speaking  of  tbe  tracbytes  of  tbe  Auvergne,  Quenstedt  says,*  ''The 
trachytes  of  tbe  Auvergne,  protruding  from  tbe  granites,  appear  to  be 
simply  a  granite  altered  by  beat  and  devoid  of  its  tree  quartz."  Leopold 
von  Bnch,  who  made  many  careful  examinations  of  that  region,  says :  i 
*^  Granite  is  tbe  original  mass  from  which  this  lava  has  been  formed." 

Tbe  reasons  for  assuming  such  an  origin  for  tbe  trachorheites  are : 

(L)  Tbey  occur  mainly  within  granitic  areas.  Although  spreading 
in  many  directions  over  sedimentary  beds,  tbey  start  from  metamorpbic 
regions. 

(2.)  Tbe  similarity  of  composition  of  trachorheites  and  of  granite  npon 
ultimate  analysis. 

(3.)  The  enclosures  of  foreign  granitic  masses  within  trachorheites  in 
various  stages  of  fusion. 

(4.)  The  definite  ratio  exhibited  by  trachorheites;  tbe  older  ones  pre- 
senting types  that  admit  of  ready  ftision,  the  younger  ones  less  so. 

Taking  into  consideration  the  main  area  of  trachorheites,  we  have 
been  able  to  discover  but  one  single  point  of  outflow.  This  is  located 
not  far  from  Uncompabgre  Peak.|  This  is  located  so  that,  althongh  u6 
metamorphics  are  exposed  within  the  immediate  vicinity,  their  existence 
there,  unincumbered  by  sedimentary  strata,  is  undoubted. 

An  interesting  feature  is  that  of  foreign  enclosures.  They  are  of  sach 
a  character  that  they  cannot  always  be  regarded  as  having  existed  on  tbe 
surface  at  the  time  of  the  eruption,  and  having  been  enveloped  by  thelava, 
but  as  having  been  carried  upwards  along  with  it,  from  a  point  perhaps 
but  very  little  removed  from  their  sources.  Dr.  Loew  has  observed 
similar  conditions  in  New  Mexico.  He  8ays:§  ^'Here  the  rock  [rhtfolUe) 
exhibits  a  close  relation  to  tbe  granite  which  it  overlies,  inasmuch  as  it 
encloses  semi-fused  fragments  of  the  latter.  Moreover,  we  can  trace 
quite  distinctly  the  effects  of  various  degrees  of  beat  upon  masses  of 

feldspar. It  would  appear  that  we  here  have  a  granite 

with  partial  transformation  into  a  rbyolite On  tbe 

San  Francisco,  seven  miles  above  its  mouth,  masses  of  rbyolite  occar 
that  contain  through  the  whole  particles  of  kaolin."  Emmons  mentions 
an  analogous  occurrence.||  In  the  rhyolites  of  Washoe  Mountains  ft 
specimen  was  found  showing  quartz  which  contained  ^*  a  number  of 
liquid-inclusions  with  mobile  bubbles."  Zirkel  mentions  that  near  tbis 
fragment  of  quartz  be  found  a  piece  of  decomposed  feldspar,  and  comes 
to  tbe  conclusion  that  both  minerals  are  <^  bodies  foreign  to  tbe  rbyolite." 

An  examination  of  about  two  hundred  specimens  of  metamorpbic 
granite  from  Colorado  showed  that  none  of  them  was  without  magnetite. 
Some  contained  considerable  quantities. 

Averages  taken  from,  respectively,  ten  and  thirteen  analyses  show 
the  percentages  of  silica  and  ferrous  oxide  to  be  as  follows,  viz : 

TiBcbyte.  Rhyolito. 

Silica 60.87       .74.90  percent 

Ferrous  oxide 3.76         1.75perceiit 

*  Epochen  der  Natnr,  1861,  p.  162. 

t  Mineralogische  Brief e  ans  Aavergne,  1802. 

t  Compare  Repe.  U.  8.  Qeol.  Sarr.,  1874  and  1875. 

i  Rep.  Expl.  and  Sar^.  West  100th  Men,  vol.  iii,  1875.  p.  641. 

I  QeoL  EzpL  40th  ParaUel,  vol.  ii,  1877,  p.  A«t, 
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It  is  to  be  reifretted  that  not  more 
vere  arailabte,  or  ve  would  proUablj 
mcbyte  does  not  contiun  tbe  loveat  art 
groap. 

If  we  BBsnine  that  the  oonnal  com]: 
granite  were  identical  with  that  of  th 
cent  of  silica  and  3.78  of  ferrons  oxide, 
process  of  fnsion  and  lecrystalllzatioD. 
ve  could  produce  saob  couditiona  tbat 
to  be  foaed  at  a  time,  and  the  eutire  qai 
ve  woold  probably  Sod  that  those 
amoDnt  of  heat  or  the  least  powerful  so 
llrst.  This  result  would  furnish  ns  with  i 
vitb  the  one  coataining  the  least  silio 
process  upon  the  same  block  with  or 
material  of  identical  composition,  W( 
ages  of  silica,  smaller  ones  of  ferric  Co 
becODtinned  nntil  silita  no  longer  foe 
oxides  to  form  silicates,  and  woald  mal 
of  fosioD  as  free  quartz.  Conditions  ai 
occarred  at  the  time  of  the  genesis  of  I 

From  all  evidence,  the  eruptions  of 
attended  with  greater  demonstrationt 
trachorbeitio  areas.  In  that  iostaaoe 
more  rapid  fusion  of  the  original  mass,  i 
Aggregate  npon  cooling.  How  much  e: 
ing  mast  have  had  upon  the  lithologicf 
the  molten  material  has  been  snggestei 

From  the  uniform  character  of  the  I 
that  tbey  have  had  their  origin  at  comi: 
lonea  of  simitar  rocks.  Little  or  no  vn 
conformity  with  the  rule  aa  prononno 
mask's  rarely  produce  extensive  mecha 
ejection  of  lava  has  taken  place  throo) 
in  a  highly  viscous  state,  as  a  rule,it  i 
leaving  the  opening  through  which  it  t 

Dissimilar  in  certain  respects  are  ' 
chytes.  Greater  demonstrations  of  fc 
range.  Eitberoneor morereservoirsfn 
or  cluster  of  groups.  Tbeir  singular 
for  a  common  origin,  and  for  ideotit 
throngh  the  same  beds  at  different  toe 
the  same  obstacles,  and,  obeying  tbe 
lame  results. 

The  basaltoid  group  represents  typ< 
gone  more  than  one  fusion.  Tbey  co 
and  a  high  one  of  ferrous  oxide.  A 
largest  massive  eruptions  observed  we 
tions.  I  am  awnre  tbat  this  is  not  alw; 
I  Hbonld  regard  the  basaltoids  as  genei 
tions  to  this  rule  are  not  wanting,  bow 
essentially  form  a  transition  to  tbe  lai 
BiBience  as  frequently  fused  masses  rec 
scarcely  assume  that  the  periodical  t 
observe,  sbonld  always  indicate  the  a 
*  Qeolcgt«  der  Oegenwort.    I* 
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may  ratber  suppose  that  certain  portions  are  gradoally  cooled  off,  are 
again  reheated  to  sufficiently  high  temperatares  only  to  form  compara- 
tively low  silicates,  and  are  ejected  as  such. 

This  view  bears  directly  upon  the  point  of  extinction  of  volcanic 
activity  within  certain  circumscribed  areas.  Should  the  percentage  of 
silica  in  the  material  of  any  one  reservoir  become  so  high,  that  the  tem- 
perature and  other  solvent  agents  there  existing  are  no  longer  suffi- 
ciently great  to  produce  fusion,  then  a  cessation  of  eruptions  must  ensue. 
In  case  no  additional  material  is  introduced  within  the  range  of  the 
reservoir,  this  cessation  will  remain  permanent.  As  the  result  we  will 
find  that  all  volcanoes  or  volcanic  vents  supplied  therefrom  must  become 
inactive. 

EEOAPITULATION. 

So  as  to  present  in  concise  shape  the  main  conclusions  drawn  from 
the  study  of  the  eruptive  rocks  of  Colorado,  a  short  recapitalation  is 
here  presented. 

I.  The  eruptive  granites  and  trachorheites  of  Colorado  are  the  direct 
products  of  remelting  of  metamorphic  rocks,  mainly  granites. 

II.  With  decreasing  geological  age  of  the  trachorheites  the  percent- 
age of  silica  increases. 

III.  The  basaltoids  are  the  products  of  repeated  fusion  and  cooling  of 
what  originally  were  metamorphic  rocks. 

IV  The  age  of  the  oldest  eruptives  in  Colorado,  recognizable  as  such, 
fiills  into  the  Post-Carboniferous  era. 

Y.  The  age  of  the  Elk  Mountain  granites,  trachorheites  and  porpbyri- 
tic  trachytes  falls  into  a  period  subsequent  to  the  close  of  the  Cretaceoas 
formation.  Eruptions  probably  continued  throughout  the  first  half  of 
the  Eocene. 

VI.  The  age  of  the  basaltoids  in  Colorado  falls  Into  the  Tertiary 
period,  and  in  adjacent  States  and  Territories  it  may  be  connected  to 
eruptions  of  the  present  epoch. 

YII.  The  main  portion  of  the  eruptions  \fi  Colorado  was  determined, 
as  to  horizontal  distribution,  by  the  arrangement  of  maximum  Creta- 
ceous and,  in  part,  Tertiary  sedimentation. 

VIII.  The  period  of  greatest  volcanic  activity  was  prior  to  the  main 
elevation  of  the  Eocky  Mountains  and  the  depression  of  adjoining  re- 
gions. 

IX.  Volcanic  eruptions,  elevations,  and  depressions  of  these  regions 
stand  in  intimate^  though  inverted,  connection  to  each  other. 

X.  The  reservoirs,  forming  sources  for  Colorado,  were  of  comparatively 
shallow  depth.* 

*  NoTB.~I  may  here  Btate  that  I  am  at  present  prepariDg  a  more  ezhaDstire  paptf 
on  the  origin  of  eraptives.  This  will  discoBs  not  only  the  erapted  rooks  of  Colorad<s 
bat  of  the  entire  West. — ^E. 
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REPORT  OF  A.  D.  WILSON,  CHIEF  TOPOGRAPHER, 


LETTER  OF  TRANSMITTAL. 

Office  of  the  United  States  GEOLoaiaAL  and 

Gbogeaphioal  Subvet  of  the  Tbbbitobies, 

Washingtony  D.  C,  January  25, 1878. 

Sm :  I  have  the  honor  to  transmit  herewith  my  report  on  the  primary 
triaDgalation  of  Colorado ;  also,  a  description  of  methods  of  topograph- 
ical, field,  and  office  work. 

The  primary  triangulation  was  in  charge  of  Mr.  James  T.  Gardner 
QDtil  the  fall  of  1875,  when,  on  his  resignation,  the  continuation  of  the 
work  devolved  upon  me. 

I  completed  the  field-work  dnring  the  snmmer  of  1876,  and  have  fin- 
ished the  compntations,  giving  the  results  in  the  appended  report. 

Owing  to  the  unfinished  condition  of  the  work  when  placed  in  my 
bands,  and  the  difficulties  met  with  in  going  over  an  immense  amount 
of  material  with  which  I  was  not  familiar,  it  is  possible  that  some  unim- 
portant errors  may  occur,  but  I  endeavored  to  make  it  as  perfect  as  pos- 
sible. 

I  have  attempted  to  give  a  general  idea  of  the  geographical  work  in 
as  concise  a  form  as  i)08sible,  designing  only  to  convey  some  idea  how 
the  geographical  work  of  the  survey  has  been  carried  on,  and  to  show 
npon  what  evidence  our  final  maps  rest. 

Appended  to  this  report  I  give  some  observations  on  the  magnetic 
oeedle^  illastrating  the  great  range  of  the  magnetic  variation  over  the 
State.  Hoping  that  this  report  may  prove  of  interest  and  meet  with 
your  approval, 

I  am,  very  respectfully,  your  obedient  servant, 

A.  D.  WILSON, 
Chirf  Topographer. 

Dr.  P.  V.  Hatden, 

United  States  Geologist incharge. 
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REPORT  ON  THE  PRIMARY  TRIANGDLATION  OF  COLORADO. 


By  a.  D.  Wilson. 


CHAPTER! 

PEIMABY  TEIANQULATION. 

The  primary  triangalation  party  for  the  season  of  187G  was  com- 
poKd, 'besides  myself,  of  William  H.  Holmes,  geologist ;  W.  B.  Atkinson 
and  A.  L.  Bedin,  general  assistants ;  Harry  Yonnt  and  John  Stewart, 
paekers,  and  Spencer  Bntler  as  cook.  Dr.  Hayden  accompanied  the 
party  for  a  short  time  himself. 

The  party,  outfitting  at  Oheyenne,  marched  to  Denver ;  thence  by 
rail  to  El  Moro,  the  southern  terminus  of  the  Denver  and  Bio  Grande 
Bailroad.    Leaving  El  Moro  on  August  18,  we  made  a  station  the  fol- 
lowing day  on  Fisher's  Peak,  a  point  just  south  of  Trinidad.    From 
this  point  we  marched  by  way  of  the  valley  of  the  Purgatoire,  crossed 
tfae  Sangre  de  Oristo  Bange  by  Costilla  Pass;  then,  skirting  the  west 
foot  of  the  range  toward  the  north,  to  the  foot  of  Gulebra  Peak.    On 
the  24th  of  August  we  ascended  this  point,  and,  having  a  clear  day, 
I  succeeded  in  taking  a  good  set  of  observations  on  the  surrounding 
maks.    Besuming  our  march  the  following  day,  we  camped  under 
blanca  Peak ;  but  owing  to  a  heavy  rain-storm  we  were  compelled  to 
remain  in  camp  until  the  morning  of  the  28th.    As  I  had  climbed  this 
peak  before,  in  the  prosecution  of  my  topographical  work,  I  knew  only 
too  well  what  was  before  us;  so  we  took  as  early  a  start  as  possible. 
Following  up  one  Qf  the  spurs  that  jut  out  to  the  south  we  were  able  to 
ride  with  but  little  difficulty  to  the  timber-line,  where  we  were  com- 
pelled to  leave  our  mules.    Dividing  the  instruments,  &c.,  between  the 
different  members  of  the  party,  we  scrambled  our  way  up  the  debris 
dope,  about  1,800  feet,  with  but  little  difficulty,  to  the  first  outstanding 
point.    From  this  point  a  very  narrow,  saw-toothed  ridge  leads  to  the 
main  peak,  which  was  only  about  800  feet  above  us,  but  1^  miles  away  in 
a  straight  line.    Taking  this  ridge,  we  scrambled  along  as  best  we 
conld,  and  after  two  and  a  half  hours  of  hard  work  we  reached  the  sum- 
mit of  Blanca  Peak.    (See  report  of  Franklin  Bhoda,  for  1875,  for  a 
more  detailed  description  of  this  mountain  and  its  surroundings.) 

This  peak  is  one  of  the  finest  geodetic  points  in  all  Oolorado,  owing 
to  its  height,  position,  and  sharp,  conical  form.  After  spending  some  four 
lioors  on  the  top  taking  the  numerous  angles  that  were  necessary,  we 
began  the  descent,  which  we  found  less  laborious,  but,  if  possible,  more 
daogerons  than  the  ascent  The  height  of  this  point  was  determined 
by  myself,  in  the  following  manner : 

yisiting  this  point,  as  I  did,  first  in  1875,  then  in  1876,  it  gave  me  an 
opportonity  to  take  several  barometric  observations.  Bach  time  having 
two  barometers,  I  compared  them  before  starting  up  the  mountain ; 
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then  left  one  at  Fort  OarlaDcl,  to  be  observed  every  balf-honr  daring 
the  middle  of  the  day,  the  fort  being  only  10^  miles  in  a  straight  line 
from  the  peak.  A  mean  of  the  eight  barometrical  results  for  the  diffier- 
ence  between  the  peak  and  Fort  Garland  gave  G,46G  feet,  while,  by  fore 
and  back  angles  of  elevation  and  depression,  the  difference  was  G,4G8. 

Fort  Oarland  was  first  determined  by  a  series  of  readings  extending 
over  some  three  or  foar  months,  taken  three  times  daily,  compared  with 
those  taken  at  Colorado  Springs  by  the  signal  service.  A  mean  of  all 
these  results  gave  for  Fort  Garland  a  height  of  7,997.  < 

Later  I  procured  the  preliminary  profile  of  the  Denver  and  Bio  Grande 
Bailroad,  which  gave  to  the  fort  an  elevation  of  7,946 feet.  Assuming  this 
to  be  correct,  it  gives  for  Blanca  Peak  an  elevation  of  14,413  feet  alK)ve 
sea-level,  making  it  the  highest  point  in  Colorado,  according  to  our  ob^ 
servations.  But  owing  to  the  fact  that  a  number  of  points  so  nearly  ap- 
proach this  figure,  and  to  the  imperfections  in  the  barometer  as  an 
instrument  for  the  measurement  of  heights  in  a  mountainous  region, 
where  local  storms  and  sudden  atmospheric  changes  occur  so  frequently 
as  in  Colorado,  it  is  a  very  difficult  matter  to  determine  with  certainty 
which  is  the  highest  peak.  Another  cause  for  uncertainty  in  the  ab- 
solute heights  of  all  points  in  the  far  West  is,  the  poor  quality  and  tbe 
want  of  proper  connection  between  the  railroad  levels  run  from  the  Golf 
and  the  Atlantic  seaboard  by  many  different  roa<ls,  and  by  many  differ- 
ent persons.  But  as  these  levels  afford  the  best  determination  which  we 
have  for  tbe  interior,  we  were  compelled  to  base  all  our  heights  on  them. 
Until  some  continuous  line  is  carried  through  from  tide-water,  this  un- 
certainty cannot  be  removed;  consequently  the  absolute  heights  of  all 
points  in  the  interior  must  remain  to  some  extent  unsettled  for  the 
present. 

From  Fort  Garland  we  marched  westward  across  the  San  Luis  Yal- 
l^'Jf  l>y  ^^y  of  Del  Norte,  to  the  Summit  district,  where  another  station 
was  made  on  Summit  Peak ;  thence,  following  up  the  Bio  Grande  we 
made  our  next  station  on  Bio  Grande  Pyramid,  a  fine  pyramidal  peak 
situated  a  few  miles  south  of  the  river,  on  the  continental  divide. 

Our  ne'xt  point  being  the  highest  peak  in  the  La  Plata  group,  we 
marched  by  way  of  Silverton,  thence  by  trail  down  the  Animas  Biver  to 
Animas  Park  and  Parrott City.  From  thelatterplace  we  skirted  the  west- 
ern slope  of  the  mountains  to  the  foot  of  our  objective  point,  and  on 
September  12  we  ascended  Hesperis  Peak.  Arriving  at  the  summit  we 
found  the  day  to  be  one  of  those  magnificently  clear  days  which  are 
only  found  in  these  high  regions,  and  which  can  only  be  fully  appreci- 
ated by  one  doing  such  work  as  ours,  where  it  is  so  necessary  to  see 
points  at  such  great  distances.  After  spending  some  four  or  five  hours 
busily  taking  notes,  we  returned  to  camp  well  pleased  with  the  results, 
and  on  the  following  morning  resumed  our  march  toward  the  northwest, 
camping  the  first  night  at  the  Big  Bend  of  the  Dolores. 

Our  next  point  being  the  Abajo  Peak,  which  was  some  eighty  miles 
to  the  west,  consequently  out  of  our  direct  line  of  march,  I  determined 
to  divide  my  little  party,  sending  the  main  train  on  to  await  me  under 
Lone  Cone,  while  Mr.  Holmes  and  myself  took  a  small  outfit  and  started 
across  the  mesa  country  for  the  Abajo  Mountains,  making  a  few  topo- 
graphical stations  on  the  way  to  fill  in  a  small  area  which  bad  been  left 
the  previous  year  owing  to  the  hostilities  of  the  Ute  Indians. 

The  second  day's  march  brought  us  to  the  foot  of  the  mountains,  bat 
at  the  same  time  a  storm  which  had  been  accumulating  for  some  timo 
broke  upon  us,  and  as  we  were  not  prepared  for  such  an  event,  were 
compelled  to  hover  around  a  sage-brush  fire  for  three  days,  while  the 
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snow  and  rain  came  down  alternately  nntil  the  mountains  were  oovered 
to  a  depth  of  a  foot  and  a  half  with  snow  while  the  plains  were  converted 
into  vast  mud-holes.  Finally,  on  the*  morniog  of  the  19th,  the  storm 
broke  and  we  were  soon  on  our  way  up  the  mountain.  Breaking  our 
way  through  the  fresh  snow  we  succeeded  In  reaching  the  summit,  where 
we  found  the  snow  nearly  two  feet  deep.  Completing  our  observations 
and  sketches  as  soon  as  possible,  nearly  freezing  in  the  mean  time,  we 
800D  descended  to  our  camp,  glad  to  be  ready  once  more  to  resume  our 
march,  for  this  delay  bad  nearly  entirely  exhausted  our  supply  of  pro- 
Tinons ;  in  fact,  we  had  but  one  day's  supply  left  and  were  at>out  100 
miles  from  our  main  camp. 

Late  at  night  on  the  second  day  we  reoched  the  foot  of  Lone  Gone, 
bat  not  finding  our  main  camp,  were  compelled  to  camp,  notwithstanding 
the  fact,  which  weighed  heavily  on  our  miods,  that  we  had  eaten  our 
last  morsel  of  provisions  at  five  o'clock  the  previous  morning. 

Arousing  ourselves  at  break  of  day  the  following  morning  and  finding 
the  weather  looking  unsettled,  I  determined  to  ascend  the  peak  before 
spending  any  mora  time  in  search  of  camp,  fearing  that  a  storm  might 
again  delay  us.  After  some  three  hours  of  hard  climbing  we  reached 
the  Bnmmit,  and  I  succeeded  in  getting  a  good  set  of  observations. 
After  completing  my  work  I  scanned  the  horizon  with  my  field-glasses 
for  our  main  camp,  which  I  finally  discovered  about  seven  mileseastward. 
Beturniug  to  where  I  had  left  the  animals  we  soon  packed  up,  and 
wending  our  way  through  down  timber,  bog-holes,  and  snow,  we  ar- 
rived at  our  camp  about  4  p.  m.,  pretty  well  worn  and  ready  for  a 
"square"  meal,  which  we  had  not  enjoyed  for  two  days. 

The  next  morning  found  us  on  our  way  to  Uncompahgre  agency, 
where  we  found  some  fresh  supplies  and  mail  awaiting  our  arrival. 

From  Uncompahgre  agency  we  followed  down  the  river  nearly  to  its 
jaoction  with  the  Gunnison,  then  turning  sli^tly  to  the  east  crossed 
the  Gunnison,  taking  an  old  Indian  trai^  which  we  had  been  informed 
by  the  Indians  would  lead  us  to  White  Eiver,  making  a  station  on 
North  Mam  Peak  on  our  way ;  we  arrived  at  the  agency  on  White  Biver 
September  ^. 

After  making  two  stations  in  this  vicinity,  which  completed  our  sea- 
son'd  work,  we  started  for  Bawlin's  Springs,  where  we  arrived  on  the 
11th  of  October,  having  occupied  eleven  geodetic  stations,  which  com- 
pleted the  triangnlation  of  Colorado. 

From  Bawlins  the  mules  and  outfit  wero  all  shipped  by  rail  to  Ohey- 
enne,  where  they  were  quartered  for  the  winter,  and  the  party  imme- 
diately proceeded  directly  to  Washington. 

PEIMABT  TBIANGULATION. 

When  the  survey  of  Oolorado  was  commenced,  in  the  spring  of  1873, 
by  the  United  States  Oeological  and  Oeographical  Survey  of  the  Terri- 
tories, it  was  found  necessary  to  inaugurate  a  system  of  primary  tri- 
aog^alation,  in  order  to  locate  a  number  of  points  with  a  considerable 
degree  of  accuracy,  upon  which  the  topographical  work  might  be  based. 

The  first  important  step  was  to  find  a  suitable  location  for  the  accu- 
rate measurement  of  a  base-line.  This  first  step  is  all-important,  as  the 
fdtare  work  depends  entirely  upon  the  accurate  measurement  of  the 
base. 

After  reconnoitering  the  country  in  the  vicinity  of  Denver,  Mr.  Gard- 
ner selected  a  spot  just  east  of  the  city,  where  a  '<  tangent"  of  the  Kan* 


280  REFOBT  UNITED  STAIXS  GEOLOGICAL  SlIBYEY. 

aas  Paeiflc  Bailroad  coald  be  used  ta  eonaiderable  adrantage,  as  the 
greater  portion  of  the  base  coold  be  measured  upon  it.  Mr.  Gardner 
has  kindly  furnished  me  with  the  following  details  of  the  measorMneiit : 

MBASURBHENT  OF  THE  DBNTSR  BASS. 

The  base  is  a  little  over  6  miles  long,  and  half  of  it  is  on  a  <*  tangent' 
of  the  railroad.  The  west  end  of  the  base  is  ^filho66  feet  from  tl^  end 
of  the  ^*  tangent"  and  on  its  western  prolongation. 

Three  and  a  half  days  were  occupied  in  twice  measuring  this  base. 
The  measurement  was  made  with  a  Ghesterman  steel  tape  100  feet  long, 
having  a  spring-balance  attached,  by  which  the  tape  was  stretched, with 
a  tension  of  16  pounds.  The  end  of  each  100  feet  was  marked  with  a 
knife-edge  on  the  track  or  on  a  low  stool.  The  profile  of  the  line  was 
ascertained  by  level  so  that  all  inclined  measarements  might  be  reduced 
to  horizontal  distances.  The  temperature  of  a  mercurial  thermometer 
exposed  to  the  sun  was  read  every  five  minutes,  and  this  was  assumed 
to  be  the  temperature  of  the  tape.  After  two  measurements  of  the  base, 
the  steel  tape,  without  being  used  for  further  work,  was  taken  to  Wash- 
ington and  compared  with  the  United  States  Coast-Survey  standard  for 
chains. 

The  following  were  the  results  of  the  two  measurements  of  the  Den* 
ver  base: 

Firtt  meoiuremenU 


Measured  length  corrected  for  temperature  and  slope 31861. 304 

Second  measttremeiU. 

Measured  length  corrected  for  temperature  and  slope 31863. 102 

Total  correction  applied  Tor  slope — 1.924 

Total  correction  applied  for  temperature — 

To  first  measurement 4-2.512 

To  second  measurement -{-4.67 

Adopted  measured  length  corrected  for  temperature  and 

slope 31862.203 

Ck>rrection  for  error  in  length  of  tape -f  5.416 

Ck>rrection  for  reduction  to  sea-level — 7.825 

Length  of  base-line 31859.7M 

The  uncertainty  of  this  measurement  cannot  probably  exceed  one  tea- 
thousandth.  Much  of  this  error  is  doubtless  due  to  the  incorrect  as- 
sumption of  the  relations  of  the  temperature  of  the  tape  to  that  of  an 
exposed  thermometer. 

From  this  base  the  work  was  expanded  by  gradually  increasing  tri- 
angles, with  great  care,  to  the  high  mountain  peaks  lying  to  the  west  of 
Denver. 

The  plan  adopted  in  this  work  was  to  use  the  highest  and  more  promi- 
nent peaks  as  stations,  taking  great  care  to  select  sodi  points  as  wooU 
give  a  good  system  of  well-conditioned  triangles,  and  at  the  same  time, 
where  possible,  selecting  the  sharper  and  most  definite  points,  as  they 
could  be  sighted  more  accurately,  especially  at  long  distances,  when  tbe 
monuments  were  not  visible.  Where  the  points  were  not  sharp  or  well 
defined  it  was  generally  found  best  to  sight  some  olyect,  such  as  large 
rocks,  or,  on  low  points,  trees,  whose  distance  from  the  point  where  tlie 
station  was  afterward  made  could  be  measured.  Always  on  oeeopy- 
^  a  point  there  was  built  a  large  stone  monamenti  which  could  be 
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vghted  afterward  with  ease  at  a  distance  of  from  30  to  40  miles.  In 
nearly  all  cases  these  monaments  are  the  points  given  as  the  stations ; 
ID  many  cases  the  monoments  were  bnilt  before  the  point  was  oconpiedf 
ADd  in  such  case  the  observations  were  redaced  to  oenter  of  the  mona- 
ment 

THE  SAN  LUIS  BASE. 

When  the  trlangnlation  had  been  extended  into  Southwestern  Colo- 
rado, a  second  base  or  base  of  verification  was  measured  in  the  San  Luis 
Valley  and  connected  with  the  largo  triangles  of  the  principal  system 
by  a  smaller  scheme. 

The  base  is  abont  5^  miles  in  length.  It  begins  on  the  eastern  ex- 
tremity of  a  low  gravelly  ridge  on  the  north  side  of  Kerber  Creek,  near 
the  stage-road  crossing,  and  stretches  northward  diagonally  across  the 
valley. 

The  position  was  selected  by  James  T.  Gardner,  and  the  measure- 
ment conducted  by  him  it  ith  the  assistance  of  Bobert  Adams,  jr.,  Pro- 
fessor Atkinson,  and  Clarence  Kelsey. 

The  total  time  occupied  in  measuring  the  base  twice  was  fix  days, 
•  commencing  August  24, 1874.  Flags  were  placed  along  the  line  at  such 
short  intervals  that  three  were  always  in  sight,  from  which  the  tape 
ooold  be  aligned  by  the  eye.  Low  stools  were  used  for  marking  the  dis- 
tanoes.  Their  tops  were  of  2-inch  plank  and  were  1  foot  square.  Each 
was  supported  by  four  iron  spikes  0  inches  long.  Three  of  these  stools 
were  placed  on  the  line  100  feet  apart.  The  Chestermau  tape  was  then 
stretched  from  the  initial  point  on  the  first  to  the  second  stool,  being 
polled  straight  by  a  strain  of  16  pounds,  applied  with  a  spring-balance. 
The  100  feet  was  then  marked  on  the  top  of  the  stool  with  a  pencil-edge. 
The  tape  was  then  stretched  from  this  mark  to  the  third  stool.  When 
this  100  feet  had  been  marked  as  before,  the  first  stool  was  brought 
£»ward.  £ach  time  that  the  tape  was  stretched,  the  bulb  of  a  sensi- 
tive thermometer  was  placed  against  ihe  under  side  of  the  tape  and  its 
temperature  recorded.  The  ditt'ereuce  of  level  between  the  stools  was 
ascertained  with  a  leveling-iustrument  aud  rod. 

The  temperature  of  the  tape  in  the  sun,  when  the- breeze  was  light, 
was  found  tx)  be  5<>  to  6^  higher  than  that  of  a  thermometer  exposed  to 
the  sun.  The  results  of  the  two  measurements  of  the  base  are  as  fol- 
lows: 

First  measurement. 

Feet 

XJooorrected  meaaurement « 28534.87 

Corrections  for  slope —10.67 

Corrections  for  temperature -)- 1. 40 

Corrections  for  error  of  tape  from  CTnited  States  standard 

at62o —2.86 

Coirected  length  of  base 28522. 74 

Second  measurement. 

Uncorrected  measurement 28533.895 

Correction  for  slope — 10.67 

Correction  for  temperature +   2. 193 

Correction  for  error  of  tape  from  United  States  standard 

at62o —  2.86 

Corrected  length  of  base •. 28522.558 

Difference  of  two  measurements 0. 18 

Adopted  mean 28522.05 

Correction  to  sea-level —10.89 

length  of  base....- 28511.76 
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These  two  measarements  of  this  line,  5^  miles  long,  differ  only  aboat 
2  iDches,  which  is  a  much  more  accurate  result  than  that  obtained  at 
the  Deuver  base,  where  the  tape  was  laid  on  the  railroad  track  and  the 
temperature  of  a  thermometer  exposed  to  the  sun  was  assumed  to  be 
the  same  as  that  of  the  tape.  San  Luis  base  is,  of  course,  entitled  to 
much  more  weight  than  the  Deuver  base  in  the  final  adjustment  of  the 
triangulation. 

AZIMUTH  OF  SAN  LUIS  BASE. 

For  determining  the  azimuth  of  the  base,  six  observations  were  made 
on  Polaris  at  the  north  end  of  the  base,  September  5,  and  four  observa- 
tions, September  6,  at  the  south  end  of  the  base;  six  observations  had 
been  taken  August  30,  and  ten  in  the  evening  of  August  31.  The  mean 
of  the  observations  at  the  south  end  of  the  base,  being  reduced  to  the 
north  end,  gave  at  the  north  end — 

The  azimuth  of  base  bysouth>end  observations 340^  49' 29'^  32 

The  azimuth  of  base  by  north-end  observations 34(P  49^  24'^  62 

In  connecting  the  triangulation  brought  down  from  the  Denver  base 
with  the  expansion  from  the  San  Luis  base,  it  was  found  that  there  was 
a  difference  of  9^  inches  to  the  mile  in  length  between  the  two  systems, 
that  from  Deuver  being  the  greater.  This  difference  is  due,  no  doubt, 
partly  to  the  errors  in  measurements  of  the  two  bases,  and  partly  to  the 
accumulating  errors  of  the  work  as  brought  from  Denver.  In  this  scheme 
Pike's  Peak  enters  as  one  of  the  priocipal  points,  and  owing  to  Its  very 
flat  top,  it  was  difficult  to  locate  with  a  great  degree  of  accuracy. 

The  accuracy  of  the  triangulation  may  be  judged  by  the  closure  of 
triangles ;  the  observed  angles  of  each  triangle  should  sum  up  to  180^ 
plus  the  spherical  excess. 

The  first  sixteen  complete  triangles  used  yi  expanding  from  the  Den- 
ver base  to  the  high  mountain- peaks,  summed  up  with  a  mean  error  of 
closure  of  six  and  four-tenths  seconds  (6''.4),  and  the  forty-seven  triangles 
used  in  carrying  the  work  as  far  south  as  the  San  Luis  base  and  west 
to  the  Holy  Cross,  had  a  mean  error  of  closure  of  ten  and  three-tenths 
seconds  {W.S), 

In  the  whole  scheme  of  triangulation  of  Colorado,  there  has  been  used 
in  the  determination  of  the  occupied  stations  one  hundred  and  forty- 
three  complete  triangles,,  with  a  mean  error  of  closure  of  thirteen  and 
three-tenths  seconds  (13^^3). 

These  errors  may  be  considered  small  when  we  consider  that  natural 
points  were  used  as  stations,  and  that  the  angles  were  taken  with  aa 
8inch  theodolite,  whose  vernier  was  graduated  only  to  ten  seconds  of 
arc  and  reading  to  five  seconds. 

METHOD  OF  ADJUSTINa  THE  TBIANOULATION.  ^ 

I  present  below  a  general  description  of  the  methods  used  in  the  od* 
Justment  of  the  work,  omitting  the  minor  details.  In  expanding  tiie 
work  from  the  measured  bases,  signals  were  established,  forming  as ' 
nearly  equilateral  triangles  as  possible,  and  the  observations  on  these  j 
were  repeated  several  times  on  different  parts  of  the  circle.  The  errors 
of  closure  in  this  way  were  reduced  to  a  minimum,  and  this  small  error 
in  the  first  triangles  was  distributed  equally  among  the  three  angles. 
After  locating  some  two  or  three*  points  in  this  manner,  they  were  tlien 
connected  with  the  mountain  staiions,  on  which  monuments  had  beea 
previously  built,  in  order  that  they  might  be  more  accurately  sighted,  ia 
the  following  manner: 
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HaTing  established  these  oatside  points,  we  then  bad  as  many  differ- 
eut  bases  from  which  to  compute  the  next  point }  so  we  proceeded  by 
simply  computing  all  the  triangles  we  have  on  Mount  Ouray,  throwing 
all  the  errors  of  closure  at  the  point  sought }  that  is,  simply  using  the 
foresights  uncorrected,  except  for  spherical  excess;  after  calculating 
all  the  triangles  in  this  manner,  we  made  a  plot  of  the  intersections  of 
tbeae  lines  as  calculated,  say  on  a  scale  of  two  feet  to  one  inch  (that  being 
the  scale  used  in  plotting  those  at  Ouray);  see  Figure  1,  Plate  XYIL 

Now,  it  will  be  seen  that  these  lines  do  nol  meet  at  a  given  point,  as 
they  should  if  the  work  was  perfect.  All  other  things  being  equal,  the 
most  probable  location  of  the  point  would  be  in  the  centre  of  gravity  of 
the  small  triangles  which  are  formed  at  the  point  by  the  intersections. 
Bat  there  are  some  other  things  which  are  important  in  determining  the 
most  probable  position,  such  as  the  closure  of  the  different  triangles, 
the  value  of  different  sights,  &c. 

Taking  such  things  into  consideration  as  may  be  regarded  worthy  of 
note,  we  choose  a  point,  as  at  Ouray,  Fig.  1,  where  the  two  sights  cross 
from  Station  23  and  Station  24,  as  the  most  probable  position  of  the 
station  on  Mount  Ouray,  and  calculate  the  necessary  swings  from 
HoDt's  Peak  and  north  end  base  to  make  those  lines  meet  the  other  at 
the  chosen  point. 

Applying  these  corrections  to  the  angles  at  Hunt's  and  north  base, 
recalcQlating  the  triangles,  and  we  have  the  point  Ouray  located. 

It  will  bo  seen  that,  although  the  triangles  on  Mount  Ouray  are  fixed, 
we  have  not  yet  distributed  the  errors  at  the  point  Ouray.  For  instance, 
we  have  yet  an  error  of  closure  in  the  triangle  Ilunt's,'  Station  23, 
Moont  Ouray,  of  +  2^'}  in  the  triangles  Hunt's,  Station  24,  Ouray,  of 
+  3";  and  in  triangle  Hunt's,  north  base,  Ouray,  an  error  of  6". 
Now,  how  much  of  this  error  is  due  to  sighting  Hunt's,  north  base, 
Station  23,  or  Station  24,  is  not  settled.  The  following  arbitrary  method 
was  used  in  distributing  these  errors : 

First.  It  will  be  seen  that  if  any  one  of  these  backsights  become 
tiled,  the  others  of  necessity  are  fixed  also,  as  the  angles  between  them 
are  already  fixed  by  the  location  of  the  point.  If  we  assume  a  series  of 
awiugs,  say  of  the  sight  from  Ouray  to  Hunt's,  and  tabulate  the  result 
as  below,  we  get  a  series  of  columns  of  swings,  each  one  of  which  will 
satisfy  the  conditions  of  the  angles  at  Ouray,  and  give  a  possible  ar- 
rangement of  the  swings : 


Table  of  gwinga  from  Mount  Ouraif. 


But's 

ft 

-5 
-1 

4-8 
81 

// 

-4 

-2 

19 

-3 
-3 

+5 

17 

tl 

-9 
-4 

-H 

+5 
15 

tl 

-1 
-5 

4-3 

It 

-0 
-6 

+3 
11 

tl 

+1 
+8 

9 

II 

7 

II 

+3 
-3 
-1 
+0 

II 

-9 

-1 

9 

+5 

K«rth  baao 

8tatioii9S 

-3 

Stitimi  M 

-S 

13 

11 

Adding  up  these  columns,  we  get  the  aggregate  swings  each  would 
require.  Other  things  being  equal,  it  is  best  to  select  the  column  which 
gives  the  least  aggregate  of  swings,  which  in  this  case  is  marked  a;  but 
there  may  sometimes  be  reasons  why  one  point  is  more  liable  to  error 
than  the  others,  and  in  that  case  another  column  may  be  selected  if  its  sum 
differs  but  little  from  the  smaller  sum  ;  but,  as  a  rule,  it  is  best  always 
to  choose  the  column  that  gives  the  least  aggregate  swing.  These  cor- 
rections, both  fore  and  back,  should  be  recorded  immediately  in  some 
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eonvenient  form,  as  they  are  taken  into  acconnt  in  all  snbseqaent  tri- 
angles in  which  these  sides  enter.  In  this  manner  the  work  is  carried 
on  from  station  to  station  nntil  all  are  located. 

The  method  of  plotting  the  results  as  calculated  from  the  nncorrected 
foresights  I  consider  a  very  good  check  on  the  previons  work,  as  any 
erroneous  location  in  the  previous  work  must  appear  at  the  new  point. 

Figure  4,  Plate  XYII,  represents  the  foresight  intersections  as  plotted 
from  the  preliminary  calculations  for  the  location  of  Mount  Cito  Alto. 
All  of  these  sights  come  within  a  circle  of  about  5  feet  diameter,  the 
centre  of  which  is  assumed  to  be  the  most  probable  position,  and  the 
sights  were  accordingly  swung  to  that  point. 

Figure  5  represents  the  condition  of  the  foresight  intersections  on  Sum- 
mit Peak.  Here  we  have  one  of  the  widest  ranges  occurring  in  the  calcu- 
lations of  the  work  of  1876,  and  this  is  probably  due  to  the  tact  that  this 
ipoint  presents  a  broad  top  as  seen  from  the  northeast,  and  all  of  the  sights 
from  that  direction  are  taken  from  a  long  distance;  but  as  four  out  of 
the  eight  sights  used  meet  very  nearly,  those  triangles  sum  up  very 
close  to  i&Py  while  the  triangles  containing  the  sights  from  Mount  Bito 
Alto,  Hunt's,  Stations  24  and  28,  sum  up  too  large.  I  assumed  the 
error  to  be  mostly  on  those  sights,  and  was  convtuced  that  the  intersec- 
tions of  the  sights  from  iSlanca  and  South  Biver  Peaks  are  correct,  and 
accordingly  swung  the  other  sights  to  that  point. 

Figure  6  represents  the  sights  as  plotted  on  Bio  Grande  Pyramid,  and 
the  small  triangle,  the  point  chosen  as  the  station.  Figure  3  shows  the 
condition  of  sights  on  West  Elk  Peak. 

Figure  2  gives  the  intersections  on  Mount  Wilson.  The  peculiar  posi- 
tion of  this  point  makes  it  one  of  the  best  proofs  of  the  accuracy  of  the 
previous  work  that  occurs  in  the  whole  system,  although  it  was  only  oc* 
oupied  as  a  secondary  station.  But  it  was  sighted  from  every  direction, 
and  the  various  points  from  which  it  was  sighted  were  located  more  or  less 
by  different  series  of  triangles.  The  arrow-point  shows  from  which 
direction  the  sight  was  taken,  and  the  name  of  the  point  from  which  it  was 
taken  is  placed  on  the  other  end  of  the  line,  or,  in  other  words,  nearest 
the  station.  All  of  these  sights  meet  within  a  small  area  except  one, 
and  that  being  so  much  out  as  compared  with  the  others,  it  is  probable 
that  some  error  was  made  in  sighting  from  that  station ;  therefore  it  was 
given  no  weight  in  the  final  location  of  the  point.  Many  more  exam- 
ples might  be  given,  but  these  few  will  be  sufficient  to  give  an  idea  of 
the  character  of  the  work,  and  will  also  serve  to  illustrate  the  general 
method  of  adjustment. 

I  consider  the  foregoing  method  of  adjustment  very  simple,  and,  at 
the  same  time,  sjoifficiently  accurate  for  the  class  of  work  to  which  it  is 
applied. 

The  primary  object  of  this  triangulation  is  to  locate  points  at  short 
intervals,  upon  which  the  topographical  work  could  be  based,  and  that 
these  points  should  be  located  with  such  a  degree  of  accuracy  that  the 
errors  would  not  be  appreciable  within  the  limits  ot  the  territory  on  our 
maps,  the  scale  being  four  miles  to  one  inch,  and  I  believe  that  this  has 
been  fully  accomplished. 

The  accompanying  bap  shows  a  general  plot  of  the  triangulation  f 
all  of  the  occupied  stations  are  given,  and  a  few  of  the  locat^  points. 
I  did  not  consider  it  necessary  to  give  the  numerous  points  that  bare 
been  located  by  foresight  intersections,  as  it  would  only  serve  to  make 
the  plot  more  confusing. 

The  latitudes  and  longitudes  are  based  on  the  stations  located  for  as 
by  the  kind  co-operation  of  the  (Tnited  States  Coast  Survey  at  Denver, 
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Colorado  SpriDgUi  and  Trinidad,  and  have  been  computed  finom  these 
points. 

Arimaths  have  been  taken  at  intervals  over  the  whole  system. 

Below  will  be  found  a  list  of  the  primary  points,  with  their  latitades, 
longitudes,  and  elevations ;  also,  a  table  of  azimuths  and  distances  from 
eseh  station  to  the  surrounding  points.  The  azimuths  are  given  ftom 
the  south  line  as  zero  around  to  the  right ;  the  distances  in  mUes  and 
dadmals  thereof 

AJktof  ike  friatarjf  friauffuUMtm-^aHontt  wUk  iMr  laUindMf  lcngUude9y  and  elevaiiom 

above  sea-lmeL 


Nmbm  of  psinta. 


iMt  end  of  DoiTer  bMe-llne. 
Wert  end  of  Dearer  bMe*Iine 

Sttrick  Sutton 

DiyCraek  SUtioii 

8tath  Boulder  Peak 


LoBc'sPettk. 

MMBtETUM  . 

raPoak. 


HoQDt  Powell 

HooBt  Lioeelii 

Ibiiiiiain  at  the  Holy  Croaa. 

Haoat  Harrard 

Pfte'aPeak 

MooatOnraj 

telioBSI 

flirtiaaSS 

BnVaPMk. 

HoQat  Sito  Alio 

ftatJanSd 

CkytoiiCoDe 

^AgBDcyPeak 

iKorth  end  San  LiUa  liaae . . . . 
Bootk  end  San  Lola  baae  .... 


VelebraPeak 

Tteher'sPoak 

ItaiiBitPeak  .... 
Bimtk  River  Peak 
ifini  Lola  Peak.... 


!^ Grande  Pj 
fi^periaPi 

AhiJoPeak 

jCeontPealo 

Me  Cone 

'2[«atBrkPeak 

Baew-naaa  Hoontain. 

Man  Peak 

jrovth  Han  Peak 

f  Jboat  PrineeUm 

HaiaiTe  Mountain ... 
mtttePeak 


CMliUaPeak 


SaaaiahPeak. 
tSpaalahPeak 


'^cat 

ittoPM^ 

!&■  Joan  Needle 

kfioantWilBOO... 

ilUontSneffela.. 

{i«oaaPeak 


[StatkmSl 

igliUonas 

BsprlaPeak 

U  Plato  Moantain 


80  4S 

99  46 
89  43 
80  M 

39  57 
89  41) 

40  15 
30  35 

39  88 

40  19 
39  45 
39  SI 
39  S8 
38  55 

36  50 
38  85 
38  19 
88  16 
38  93 
38  13 

37  55 

38  IS 
38  16 
38  18 
38  15 
37  34 
37  07 
37  05 
37  81 
37  34 
37  50 
88  04 
37  40 
37  96 
37  50 
3tf  96 

37  53 

38  43 

39  07 
39  04 
39  93 
38  45 
38  39 
38  15 
37  58 

36  50 

37  93 
37  SS 
37  17 

36  41 

37  50 

38  00 
37  96 
37  06 

37  09 

38  01 

39  15 
39  01 
37  17 


ft 

SftS 
99.7 
54.8 
57.0 
lSi6 
18.4 
S0l8 
81.3 
37.4 
58.8 
4L1 
09.1 
05.S 
3S.S 
87. 3 
9&1 
34.3 
34.6 

oa3 

14.  S 
18.1 
58.S 

3a7 

40.3 
14.0 
43.5 
S!l.l 
59.6 
07.3 
31.7 
16.8 
83.0 
S9.S 
44.  S 
31.7 
U.& 
19.3 
09.3 
11.9 
51.0 
16.6 
01.3 
44.7 

4a5 

0Sl3 
06.0 
40.5 
37.6 
0S.5 
15.3 
88.4 
19.0 
43.1 
91.6 
3a6 
37.8 
59.9 
5a3 
94.5 


Loogltadea. 


o     / 

104  47 
104  54 
104  67 

104  65 

106  17 

105  18 
105  36 
105  38 

105  48 

106  07 
106  90 
106  06 
106  98 
106  19 

105  03 

106  13 
106  13 
106  06 
105  50 

105  45 

106  33 
1A5  55 
106  51 
105  50 
105  57 
105  98 

105  10 

104  87 

106  41 
106  56 

106  55 

107  37 

107  33 

108  05 

109  37 
109  13 

106  15 

107  11 
107  03 
107  50 
107  51 
106  14 
106  88 

105  05 
105  34 

105  13 
104  54 
104  59 

106  46 

106  49 

107  59 
107  47 
107  03 
106  37 
106  37 

106  55 

107  10 
106  38 
106  34 


30.3 
85.3 

oao 

51.8 
4811 
55.3 
3DL3 
31.9 
01.1 
63.3 
10.3 
3&8 
30L1 
01.3 
8Su6 
15.7 
5;lL0 

oao 

30.5 
10.1 
1&4 
30. 3 
47.6 
04.4 
07.0 
5Su4 
56w3 
31.9 
35.4 
4a  3 
39.9 

3ai 

19.3 
03.3 
39.7 
33.4 
04.4 
44.3 
43l5 
34.7 
43.8 
19.3 
13.6 
49.0 
54.0 
09.4 
50.9 
34.3 
94.9 
50.4 
16.9 
IR7 
47.3 
34.5 
31.6 
1L4 
31.1 
09.3 

oa.4 


KloTatlona. 


9^900 
5, 800 

5,300 
6,900 

8.533 
7,900 
14,371 
14,330 
14,336 
13.433 
13,398 
14,396 
14, 176 
14,375 
14,147 
14, 04  J 
13,900 
13,000 
13. 446 
13,989 
13,300 
9,500 
13,130 
7,800 
7,800 
14.413 
14,07£ 
9,4tC 
13.33J 
13,160 

i4.ior 

14.331 

13, 77.1 

i:f,13S 

11,000 

13,004 

13,7rtl 

13,990 

13,961 

10,954* 

10,973 

14,190 

14,368 

9.348 
14,333 
13, 6.<4 
13,730 
13,6.0 

9,884 


14,980 
14,158 
13,674 
13,860 
13,043 
14,000 
13.073 
14,311 
13,183 
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A  U$i  of  $ome  of  ih$  more  impariant  ptace$  in  Colorado^  with  ikeir  €g^proscimate  laHUtdm, 

longittutea,  and  elevationa  above  sea-level. 


TtamM, 


Block  Hawk 

Breekenridge 

Boalder 

CafionCity 

Conejos 

CarilMD 

Centreville 

Castello's  Ranoh 

Colorado  Sprinsa,  United  States  Coast  Barvey  Station 

Denver,  UnitecT States  Coast  Survey  Station 

Denver  Sehool-honse 

Del  Norte 

Dayton 

Evans' Banch,  in  Bates  Park 

Fort  Garland 

Fair  Play 

Georgetown , 

Greefoy 

Golden 

Granite 

Gold  Hill 

Hot  Springs,  Middle  Park 

Idaho  

Lake  City 

lios  Pifios  Agency 

liOogmont *. 

Malta 

Middle  Bonlder 

Nntritea  Tierra  Amarilla 

Paeblo 

ParrottCity 

BoaiU 

Sagaacbe 

Silverton 

Trinidad,  United  States  Coast  Snrvej  Station 

Unoompabgre  agency 

White  Biver  agency 


Latitudes. 


LoDgltados. 


39  48  OO 

39  99  00 

40  to  49 

38  96  48 

37  06  53 

39  59  48 

38  43  48 
38  57  00 

38  50  00.3 

39  45  91. 8 
39  45  00. 7 
37  41  00 

39  04  48 

40  99  30 

37  95  31 
39  13  99 

39  41  45 

40  95  94 
39  45  30 

39  09  00 

40  03  54 
40  04  48 

39  44  54 

38  01  54 

38  11  37 

40  09  30 

39  13  49 
39  57  38 

36  49  U 
38  16  36 

37  90  39 

38  06  00 
38  05  43 
37  48  49 

37  10  13. 8 

38  17  15 
30  59  08 


105  99 

106  09 
105  16 

105  13 

106  01 

105  34 

106  03 

105  17 
104  49 
104  50 

104  59 

106  91 
106  » 

105  99 
105  95 
105  59 
105  49 

104  41 

105  19 

106  00 

105  9S 

106  OS 

105  30 

107  18 

106  49 

105  05 

106  19 

105  30 

106  39 

104  33 
10S05 

105  50 

106  08 

107  39 
104  30 
107  47 
107  48 


n 

19 
18 
36 

51 

10 

94 

18 

U 

07.6 

33.5 

93u4 

94 

00 

09 

47 

39 

06 

06 

39 

18 

18 

39 

39 

49 

36 

34 

45 

99 

59 

46 

00 

19 

30 

48 

07.5 

18 

94 


Xlevatioos. 


Stet 

7,9S 
9.490 
5^936 
5.960 
7,880 
9.905 
7,800 


5,990 
5,910 
5,240 
7.750 
9,441 
7,400 
7,045 
9,964 
8,  SMI 
i7» 

aeo 

6^413 
7.100 
7,53S 
8.5S0 
%f» 
4.857 
9,100 
8.963 
7,480 
4.703 
8.611 
8,500 
7,745 
9.400 
6.100 
6,400 
6.490 


Azimuths  and  distances  from  east  end  of  Denver  base  to-~ 


Names. 

Azimuths. 

Distances. 

Pike^sPeak 

o    i    n 

11  46  94 
95  06  31 
75  05  50 
73  57  93 
95  35  47 
116  90  55 
150  18  08 

MOm, 

Platte  Peak 

3a:050 

Derrick  

a79S4 

Mount  Morrison 

93.3673 

West  base 

6uOMl 

South  Boalder  Peak 

99.6790 

Dry  Creek  Station 

14.6309 

AzixikMths  and  disUuuxs  from  west  end  of  Denver  base  to — 


Names. 

• 

Asimnths. 

DistSDoea. 

Platte  Peak 

• 

O     t     tf 

16  06  48 

40  99(3 

66  44  33 

191  91  43 

173  59  59 

975  31  31 

MUtt. 
317356 

Derrick , 

3. 7974 

Mount  Monrison • 

17.8974 

Sonth  Boalder  Peak 

94.1943 

Dry  Creek  Station .- 

119903 

Bast  base 

--------.-.-«-..-»-••■••■-•••••  -■•^  w  . 

&0341 

WIUOKi 
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Azimftks  and  dMances  from  Derrick  io— 


Names. 

AsiBMlthflb 

Distancea. 

1 

O      1     11 

13  25  51 
65  10  31 
73  09  58 
120  IS  30 
144  19  05 
180  26  57 
214  50  07 

JTOm. 
33.3750 

Vfln^KTMIfl  ^. 

37.9258 

Hnnt  IfffflTifloti .r........ .^^,-., 

14. 6479 

Ihvth  PmiMfrr  Pfftk 

83.8186 

IW  Ormk  Stotkn 

IS.  0914 

VMlbaM c 

._'::"..":""""':" 

3.7273 

8.7824 

1 

and  divUmoea  from  Dry  Creek  Statwn 


KMses. 

Azimatba. 

DUtances. 

Beni^ 

O     t     II 

4  19  54 

4  23  03 

10  37  IS 

38  14  51 

57  U  14 

91  09  55 

1-20  38  53 

330  13  14 

353  58  14 

Maet. 
15.0314 

Kke'aPMk „ 

PtaCtoPieak .^.. 

ilfl'Birt  ™0Tf4*KH  •■••••••.■•..*•.■■•■••■•■•••■••••..■..■.■•■■•••......••■■••... 

24.4835 

l^wirt  ICTan* 

4&1500 

SonfltltnqMfTplMrk.., 

19.3257 

love'tFaak 

41.7534 

i!>ffhHm ..............]......].... 

14.6703 

WittlMM... ... 

12.2203 

Azimu^  and  distancet  flram  South  BinUder  Peak  io-^ 


laramea. 

Azimntha. 

DlBtonoea. 

VantXTBOa  ...-.*.*TTT-rr ............  r...... 

O      1     II 

36  09  04 
141  17  48 
270  55  56 
296  01  03 
301  06  08 

309  59  25 

310  50  51 
347  28  40 
347  46  55 
349  51  00 

MUn. 
31. 1501 

LoQg'sFeak 

28.6883 

1><T  Onwk  Sti^lffii ,... 

19.3960 

i^bam . 

29.6720 

'Vettbaae 

34. 1243 

Dnriek - '.../... 

23.9186 

Sehoolrboiiae 

21. 4847 

Platte  PMk 

Koont  Morriaoo 

30.0578 

Pike*aFeak.» ^. .„^.. ^1.11.11^1. ^^T. 

AgimutJa  and  dUianoesfiom  Mount  Morriaon  to — 


Kamea. 

AsimQt1i& 

Distanoes. 

jiMiiit  ZraiDa  .•«..•.•.....•••.•..•.■......■...•..••••••••••..«...••..««..•..•. 

O       1     II 

76  15  46 

86  55  37 

152  40  34 

167  49  58 

218  03  55 

245  14  33 

246  33  04 
852  59  47 
253  40  36 
350  37  01 
347  18  37 

JftZtf. 
23L2914 

''Wpfnr'*  Peak 

33. 1326 

Lomt^Peak 

45.5383 

8m4i  Bimlder  PMk  ..r,.- 

20.0576 

Diy  Creek  Station 

34.4828 

Bfthimi.'bonm 

13.2303 

"West  bate 

17. 8976 

Decriolt.r..'.'.'...'..-^^ 1 1...,'„','.^.".'.'.'..'I^'.'-.\'.... 

14.6479 

'■(wtbate      ......  

23.3673 

Kk^»TeikViyillllllll,..^llV^]llllllllVil^llllVillllll^^^ 

57.9658 

^i^atlaPeak  ..'.....—.... ..—.-..-.......... V.... ......'--..'... 

2(^9083 
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JjH«»tib0  «ul  dittoacef  >hMR  Lomjf9  Pmk  io-^ 


NsmM. 

Dlstanoei. 

Iffmint  Btmui*. ..........••....•■..•......•■..•..•.......•«.•■•*-*«•..•.. 

o     t    rt 

154  55 
14  36  45 

93  06  54 
40  34  53 
48  4198 

100  as  14 

145  44  40 

900  li  15 
391  06  14 
339  96  11 
349  99  39 

MUm. 
4&00fl 

TflTM^V*!!  Pftftk  .......................... .**.....*.*..i--T'r..T->-.>«««>*<.*.i«-.>- 

4816919 

Mimnt  Tdnoolii 

67.6696 

MonntaiD  of  Xhtf  Holr  Giom  ..• 

••*----■--------'"'■'--'-"'-""-'--"'• ---T""  "-'""■  —  " 

7L9969 

Iffonot  Powell • 

51.4154 

Pnrk  View  Peek .•••>•.•. • ...•.......••.. 

98L6ML 

Clark'ePeak 

90.3938 

Dnr  Creek  StatioD • ••••. 

41.75M 

Aoath  Bonldf^r  Peak 

SHLO80 

Mnnnt.  '\f OrTiMMI 

45wSS3 

Pike's  Peek - - 

109:9415 

AjfhMUh9  and  dUtancMfrcm  Pork  Vitm  Peak  to-^ 


TAvmm, 

Aslmatlis. 

DiataooM. 

^oiint Powell  T-i-TT,-* ,_--.-.,....- . .......... -.. ... -. 

O        t      0t 

15  30  15 

17  16  44 

30  50  44 

139  53  14 

909  36  01 

9^0  39  01 

339  48  14 

340  30  43 
358  54  34 

JTOm. 

4017136 

MonntAin  of  th^ HoIt Crook  ........^. ...... .a. ..............a 

Soof^.inAse  MonDtAlB  .........•■...•...•...•........•■>......••...>• 

97.1381 

Ifoont  Zirkel 

4Sk999l 

Clork'BPenk 

91.9453 

LoDff'a  Peak -. 

9610621 

Monn  t  Rvaiis  ................•.....•............>•■•....■.■•>.....■....•..■■•. 

57.4609 

Toirev'e  Peak 

50iS743 

Mnnnt  TJnooln  ................r-- ---           -- - 

67.5S9 

AsBimuihi  andditUmenflrom  MwuU  Scans 


Names: 

Asimntha. 

Distsaees. 

Hoant  Riio  Alto 

O      f      H 

354  06 

11  11 13 

91  97  58 

99  15  50 

38  39  16 

57  01  13 

79  41  98 

111  41  3a 

153  07  li 

181  53  43 

915  56  97 

936  94  39 

934  44  34 

956  00  95 

977  5-2  49 

£97  54  05 

MUm. 

Huiit'a  Peak • 

Mount  Ournv  r. ................. --.-T.....T.xT,-rx...r^T--........ .............. 

Moant  Prineeton 

Mo^nt  TTArvna^.^^^..^- ^^ ^__ ^^ ^,^^,^--^,,,, 

.''8L44«9 

^o^nt T/iDcoln.  <-. ....... ...... -    -  - 

99.8*88 

MonDtaio  of  the  HdIt  Cross  . . . 

_- -_ 1- 

455439 

Tomv'sPeak 

ULlMO 

Park  View  Peak 

57  4009 

LoDff*sPeak , 

46.0061 

South  Boulder  Peak. ........... 

3Li50l 

Dry  Cr«ek  Station 

45lIS00 

Derrick 

37.9^ 

Mount Morriaon ^  x* 

918914 

Platte  P«ak 

Pike's  Peak 

0OL  Vto 

Aemutk$  oitd  dUtanoeB  from  IknrefB  Peak  to*- 


Names. 


Hunt's  Peak 

Mount  Ouray 

Mount  PriDoetoB 

Mount  Harvard 

Mount  Lincoln 

Mountain  of  the  Holy  Cross 

Mount  Powell 

Pork  View  Peak 

Lang's  Peak 

Mount  Morrison 

Mount  Erhns 

Pike's  Peak 

Mount  Rito  Alto 

■  '  H   I  I  11 


Aslmnths. 


O      #      If 

497  43 

14  96  39 

90  17  SO 

98  33  57. 

37  46  49 

71  14  36 

106  30  37 

160  U  10 

194  98  C8 

966  39  45 

991  34  64 

399  47  46 

357  58  10 


MUm. 

953864 

31.  VU 
98830 
ML9743 
4X6119 
3ilS96 
iai9C6 
60L9939 


nuos.] 
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JMwmiki  and  ^Umonfr<m  Mimni  Powell  to— 

IfamM. 

Asimatha. 

Blftanoet. 

Vwatala of thft  Holv (TroM  .- 

O     1     It 

90  98  30 
41  30  56 
73  56  57 
195  31  40 
900  16  56 
165  59  15 
998  13  46 
986  10  43 
336  30  13 
356  87  51 
358  57  50 

31.9940 

SniMMiitn  lioantttiii 

5&8i06 

iBHfcifam 

85u4079 

PtokVl«wP*i|iV.    '....,,                             .                 

40l77S8 

ChAfaPttk 

63.3896 

XantZlrkiel 

76.0047 

ItM'iPMk 

5L4354 

iMnv'sPtek 

3a  8399 

IboitLiDOola 

30.7364 

MMitOony 

lIontBaiTMrd 

57. 6647 

1 

afkA  diatanoea  from  Mountain  of  the  Holy  Cross  to-— 


Snav-iiMM  Hoantaiii 

!f|ritp«ak 

XortliMam 

MnatPowdl 

WtPnk 

Itomf'sPeak 

MnatETaaa 

Mmt  Lincoln 

makHarrMtl 

VaamUoantain... 


Asimatha. 

DlatttDoea. 

0    /    // 

2SSm. 

531  45  03 

39.4744 

69  40  47 

39.68« 

86  11  37 

74.3561 

900  33  05 

31.5940 

330  00  58 

71.8500 

850  49  31 

37.8931 

350  08  54 

45.543t 

891  47  55 

31.3469 

346  58  85 

38L  4013 

350  03  31 

1913713 

Azimuths  and  distances  from  Mount  Lincoln  to — 


Namea. 


JlmitOaiaT 

JbantPiinoetoa 

JuQBt  Harvard 

if  Plata  HoaDtaln 

1Mt«  Itoantain 

Bmr-DMa  MouDtaln 

(Nuatain  of  tho  Holy  Craaa 

watPowoQ 

ftek  View  Peak 

We  Peak 

ttitey'aPeak 

tentBTana 

fika'aPeak 

jfamtBitoAlto 

Boat'aPeak 


Asimatha. 


o    / 

539 

9  40 

80  58 

41  16 

60  03 

73  55 

113  03 

156  38 

178  54 

803  49 

317  35 

336  43 

301  15 

346  06 

353  80 


w 

41 

55 
55 
18 
56 
44 
01 
57 
49 
09 
44 
43 
83 
51 
09 


Diataaoea. 


JfOaa. 

49:1349 
31.5388 
39.4930 
93.5581 
53.67-^ 
91.3469 
30.7364 
67.5333 
67.6865 
35^3864 
89.6798 
67.3390 


67.3870 


Azimuths  and  distaruies  from  Mount  Harvard 


liamea. 


JWkmtt 

tMLniaPeak 

MtteyPeak 

PacompahgTe  Peak 

■Mw-maaa  If oantain 

U  Plata  Hoaatain 

IbaalTeMomitalii 

ymtttin  of  the  Hol^  Crooa 

Bant  Powell .7. 

SooatUnooln 

JiWBy'aPeak.^ 

■MatSvaiia 

Jtt^Peak 

vieaaHom  HooAtaia...... 

■eaatBltoAlto 

Haat'aPeak 

IwoBt  Princeton , 

Moont  Ouray , 


Asimatha. 


O     I      II 

9  53  19 
87  18  84 
33  33  31 
46  48  33 
108  43  45 
131  31  52 
155  86  51 
167  03  33 
178  57  34 
800  49  31 
808  13  50 
818  11  56 
874  35  14 
317  03  01 
337  41  11 
331  81  36 
340  43  03 
351  86  88 


Diatancea. 


JfOat. 
70.9094 
78:6478 
53.7961 
85.  .3483 
43.9966 
ia9376 
19.9659 
38. 4013 
57.6647 
31.5388 
56.3847 
58.4479 
69.0670 

101.8664 
57. 4348 
43.4962 
13.  ea56 
34.0895 
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Agimuth9and  diBtanoes  from  Pikers  Peak  to^ 


Kames. 


lioant  Rlto  Alto 

Hunt's  Peak 

Mount  Ouray 

Mount  Princeton 

Mount  Harvard 

Mount  Lincoln 

Torrey'M  Peak 

Monnt  Evans 

LoLg'sPeak 

Mount  Morrison 

Northwest  comer  signal-house  on  Pike's  Peak 

Fisher's  Peak 

West  Spanish  Peak 


Asimuths. 

Diataneca. 

o     /    // 

Miim, 

49  15  91 

57.6416 

57  94  95 

5a  0799 

66  06  30 

7a0541 

84  50  19 

619m 

95  14  09 

09.  on* 

191  55  39 

07.3389 

143  16  48 

69.99S9 

148  15  51 

6017908 

169  50  19 

109L9415 

170  43  35 

57.0688 

306  15  91 

a  0311 

345  01  19 

194.94S8 

358  98  36 

10L0947 

JzimtUha  and  distances  from  Mount  Ouray  io-^ 


Names. 

Azimuths. 

Dliitaiioca 

ClonclfMi P^alr    . .......................•........•••..•.•>■.>....•... 

O       f      II 

13  43  04 

19  93  16 

96  34  98 

35  96  57 

59  19  03 

54  17  11 

70  36  90 

73  48  47 

111  94  14 

136  50  11 

171  30  01 

945  91  30 

980  08  54 

997  13  31 

998  43  16 
316  39  09 
395  05  44 
397  09  50 
357  04  55 

MOm, 

80.4SB6 

Kntnmit.  PaaV     .    .. _    .. 

7&S9n 

Station  98 

3a  6916 

Sontb  River  Peak - ---.. 

7L681B 

RAfi  T.nfa  Peak -r r x-r '-- 

4a  8068 

8  ation  33 

46.9518 

TTiieoniDahdfre  Peak .................................................. 

71.5139 

Amnov  Peak  .........................•........•......•.•.....•..■.«••..•••'•• 

36.3576 

West  Elk  Peak 

56.5^ 

Knnw.mttiui  'M'onntain 

66.1018 

Monnt  Harvnrd  . ... ................................................... 

34.9665 

Pike's  Peak 

7a  0541 

Hunt's  Ppak ,-,-,.,.,^-^,x,-TT,»--r »-, 

15.3894 

Korlh  base  ................................................................... 

14.4410 

Mount  Rito  Alto 

991049 

'^e^t Spaninh  Peek -. r ,--.,,, ,^,r., 

9B.66C8 

filanoa  Peak 

70L8794 

Stelion  93 

19.11SS 

Station  94 

aTSOi 

Azimuths  and  distances  from  Station  24  to — 


13'amee. 


Oouf  Jos  Peak 

Summit  Peak 

Station  98 

South  River  Peak.... 

San  Luis  Peak 

Station  33 

Unoompahgre  Peak.. 

Agency  Peak 

West  Elk  Peak 

Snow-mass  Mountain 

Monnt  Ouray 

Hunt's  Peak 

Mount  Rito  Alto 

Station  93 

Crestono 

Clayton  Cone 

West  Spanish  Peak . . 
BlancaPeak 


Azimuths. 

DiBtaneet. 

oil' 

JTOm. 

15  13  16 

740074 

91  95  46 

78:0979 

39  91  37 

39LSMB 

39  04  01 

6a  4614 

.•W  13  41 

4&S89S 

61  45  94 

418CSB 

75  55  91 

oaesos 

84  30  19 

3S.4fl8 

117  19  30 

saooM 

140  90  36 

71.3815 

177  05  09 

aisoi 

954  47  34 

15.3»7 

986  01  41 

96.1464 

998  54  53 

7.119* 

305  95  39 

49.4108 

307  14  09 

iaSM9 

313  58  44 

93.6308 

391  57  37 

619S14 

.] 
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amd  dUtaiMesfinm  StaUon  23  to — 


'    KamM. 

Asimaths. 

Diatanoea. 

O      1     If 

44  88  03 

66  30  00 

60  0a06 

79  43  45 

119  01  36 

147  16  48 

889  06  50 

840  88  56 

880  49  35 

381  85  13 

317  58  18 

JTOm. 
34.1601 

8mLotePMk 

49  2594 

fitottaiaa 

47  8040 

^M^ffiimthgrft  Peak 

7&8583 

sSS^™.  ~  „::.:,                " 

7. 1184 

Mount  Ovray... 

19.1158 

HmraPeak 

11.3806 

s<»tli1m«« 

7.8813 

SovthtMae 

8.9065 

XMDtBttoAlto 

19.8785 

CbjtoBCone 

5.583L 

AgimiUlu  muL  di$Uinee$  fr(nn  Clayton  Cone  to — 


Kamna. 

Asimntha. 

Diatanoea. 

9tatkni«... . 

O      1     II 

98  44  37 
138  08  88 
198  81  13 
908  49  58 
838  59  06 
868  49  15 

19.5850 

8talian83  ...........r ^^.. 

SlSSSI 

Kortliliaae ..       ..       . 

&1149 

Hant*aPaak 

12.5760 

SoathlMMe 

5.0478 

^^ntiUtO  AUO.......rr,.-.-. 

15wl685 

A]amuihi  wad  diitanoes  from  north  end  of  San  Luis  base  to — 


Kamaa. 

Aaimntha. 

Diatanoea. 

Cbyton  CSone 

O       1      II 

18  19  00 
60  30  46 
117  28  SO 
810  49  57 
300  80  50 
331  58  16 
340  49  83 

MUea. 

8.1149 

St«ioii93 

7. 8813 

Ifoant OnraT  ........^.t- 

14. 4470 

Hant'aPfMik 

4.5304 

V'^nniRito  Alto  .. r.  .  ,. .-.,--,-, ,.,,,,-„ 

14.6108 

Bl%iif»  PfMik 

^^"thbaao 

5.399055 

Aaimutha  and  distances  from  south  end  of  San  Luis  hose  to— 


Kameab 

Aaiinatha. 

Diatanoea. 

Clavtoti  CVmm  ..«r - 

O       1     II 

58  58  06 
100  58  38 
160  50  40 
183  30  36 
881  54  41 
330  59  04 

MUet. 
5.0473 

Station  SD ' 

8.8065 

Korthbaae 

5.399955 

Hmt*ii  Pimk • 

9.0073 

H  OQBt  Bito  Alto 

11.0787 

Haiipn  P^ak  ..•..^-- — - 
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Ajsmuthicmd dUUmoeBjrom  JSTniit't  PMh  to— 


Xamos. 


Sonthbiwe 

Cinyton  Ck»iie 

Con^oaPeak 

Sammit  Peak 

North  boae 

tttatkmSd 

8Ution83 

San  LaiaPeak 

Btation  33 

Station  24 

Mount  Onray 

Moont  Harvard 

Honntaln  of  tho  Holy  Croaa 

Mount  Llnctoln 

Torrey'sPeak 

Plke'aPoak 

Mount  Bito  Alto 

BiaiicaPeak 


Aalmutha. 


O       t      II 

MUu, 

330  59 

9.oon 

29  49  14 

is^sieo 

94  34  53 

8184il 

30  13  04 

65i9B3d 

30  51  33 

4.5361 

45  41  06 

45.5127 

49  10  lb 

1L3W 

(Q  19  19 

6a  210 

65  18  23 

S8.riB 

74  57  44 

U35^ 

100  19  18 

15i30U 

15L  35  40 

42.49(8 

159  02  38 

172  25  19 

67.3810 

164  22  13 

236  49  58 

58.U7S5 

317  38  35 

1&9603 

335%t  54 

6a»se9 

Distaac 


Atimuik$  and  distanoes  from  Mount  Bito  Alto  to — 


Namea. 


Conejos  Peak 

Sammit  Peak 

South  River  Peak.. 

Station  28 

Sou  Luia  Peak 

Station  33 

XTnoompahgre  Peak 

Clayton  Cone 

Agenoy  Peak 

Station  23 

South  haae 

Station  24 

Mount  Ouray 

North  base 

Hunt's  Peak 

Mount  Harvard .... 

Mount  Li  Dcoln 

Torrey's  Peak 

Pike's  Peak 

Crestone 

BlancaPeak 


A^niatha. 

DiataaoM. 

O       1      II 

MUM. 

35  02  54 

7a  1410 

40  57S8 

78.9-.<i9 

56  46  10 

80.3i93 

64  31  38 

47.50ii0 

76  17  50 

619660 

78  20  56 

6S.0USS 

$4  16  33 

91440 

88  53  3d 

UI635 

93  54  44 

6a5il3 

101  35  40 

19.)Js5 

102  02  05 

li.07i7 

106  18  51 

2&1«4 

119  00  41 

29.04ttf 

120  29  27 

14.61M 

137  43  3({ 

15.&HI3 

148  0-2  17 

57.43{U 

166  19  96 
177  50  3J 
2:21  48  00 

57.6416 

33L  47  00 

19. -»7 

341  28  04 

4(1.6741 

Azimutli9  and  distances  from  Blanca  Peak  to — 


Namee. 


Conejos  Peak 

Summit  Peak 

South  River  Peak. . 

San  Luis  Peak 

Station  28 

Agency  Peak 

Station  24 

Mount  Ouray 

Hunt's  Peak 

Mount  Rito  Alto... 

Crestone 

Pike's  Peak 

East  Spanish  Peak. 
West  Spanish  Peak 
Trinchera  Peak . . . . 

Culebra  Peak 

Costilla  Peak 


Azimntha. 

DislaBoes. 

O      f     If 

Jftlw 

71  53  15 

6^9CS9 

77  09  19 

6i38C0 

90  17  57 

82.0941 

110  04  42 

84.0009 

112  34  27 

Gtim 

122  54  17 

89L4401 

142  24  29 

63.8514 

145  33  02 

7»».875H 

155  49  52 

6a  9589 

161  36  02 

4&6741 

168  39  45 

27.395* 

195  16  58 

292  03  26 

33.5634 

297  65  09 

sasoia 

318  17  41 

26.S8I6 

3^  10  17 

3i43fcl 

344  08  29 

5a.s9eo 

whmqi.] 
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AjsimmfhB  and  dUtanceB  fnm  Station  28 


Karnes. 


OoB^pMk 

flonudtPMic 

SoBih  River  Feftk 
hsLaisPMk... 

8l«ti<ai33 

AienevPMkk.... 
▼«tt»kP«ik.. 
Vboiit  Bmmrd.. 
Moitot  Onray .... 

8bttiaD81 

telloiiSS 

BBBftPeak 

MmotlUtoAJto. 

CkettoBe 

BneaPeak 

CnlMfttPMk.... 


Azlmatha. 


o      '     // 

8  07  47 
18  16  37 
45  83  10 
108  15  81 
108  S3  05 
144  04  18 
147  11  18 
189  45  OC 
S06  98  43 
S18  09  3d 

884  09  88 

885  19  01 
844  08  36 
866  18  87 
891  55  39 
306  03  34 


Dietaocei. 


Miies. 
43.5649 
40. 1993 
33.9197 
81. 7601 

88.  cai7 

3^9869 
65.5-97 
70.8664 
9a6946 
9^9868 
34.1601 
45.0187 
47.5060 
53  3175 
68.46ria 
98:5860 


Ajrimuiki  and  ditUmoufrom  Agenep  Peak  to — 


ITames. 


Bo  Grande  Pyramid . 
ITaoompahgre  Peak . . 

Wert  mk  Peak 

Soow-DUMe  JiJoontain 

)ii«Dt  Harvard 

XoQntPriaoeton 

pMBtOaray 

fitttton84 

fcatRitoAHo 

KaBeaPeak 


Asimnth«. 

Distances. 

o    /      n 

MUm. 

10  06  96 

17.5683 

35  09  08 

50.01^ 

66  S3  47 

35.8717 

140  37  43 

35.5863 

109  34  54 

50.3588 

813  18  47 

5.1. 7261 

885  43  04 

47. 1014 

853  84  35 

36.3576 

864  05  55 

35.4329 

873  13  13 

60.5118 

308  03  05 

89. 4401 

383  51  98 

38.9860 

Ajtimaiks  and  distances  flvm  Culehra  Peak  ttn- 

Names. 

Asimaths. 

Distanoes. 

GHtniftpMik 

• 

0      1      II 

5  58  57 

66  83  13 

89  33  88 

98  57  55 

101  09  45 

188  85  08 

186  58  58 

146  0148 

147  56  86 
158  81  18 
150  88  47 
185  48  13 
811  08  19 
818  00  08 
878  08  88 

MiUt, 
80.0109 

8Mion8l       a 

79.9854 

Shaded  Peak 

79.5985 

C«D«1osPeak 

77. 8461 

SsnmitPeak i. 

84.  'i731 

tei  Lois  Peak 

118:8486 

tetionae 

98.5860 

f)tstum84 

HMnstOfiTaT ;... - 

BissoaPeak 

35u4561 

<lNstoiie 

Triiiobera  Peak 

11.5657 

Vmh  %HMiiah  PfNik  ..r 

80.4866 

>M|  ^mnisli  Peak . . . 

-_      !._      

83.7373 

30.9836 

. 

■*  -     ■•• 

A^muthe  and  distances  from  Cher's  Peak  to— 

Kamee. 

Asimnths. 

Distances. 

Costilla  Peak 

0      t     It 

66  46  05 
98  34  40 
108  58  01 
183  17  06 
188  50  40 
165  88  08 

45.8643 

OolebraPeak 

39.9636 

xriBQbera  Peak -r. .-...,. , 

40.9069 

Wssi BpaoiBb  Peak 

34.9867 

>■>(  Rmmieh  Peak 

38:4056 

^fl'SPeak T.,., r ,-,-.rrr'r. 

184.8488 
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AjtiwnUk$  amd  dUijoaieei  from  Summit  Peak 


Karnes. 

Aaimnths. 

Distonesi. 

• 

UtePetk 

Q       1      It 

68  19  50 
95  16  14 
107  39  07 
190  55  97 
134  38  49 
140  05  58 
163  44  35 
199  10  56 
199  05  53 
80L  08  10 
909  45  99 
990  89  53 
834  46  46 
856  24  50 
879  94  53 
980  14  54 
993  19  19 
301  34  43 
347  13  01 
350  04  85 

MUm. 
114.7338 

HfMfP<Ti#   P<Mk    rrxr.,.TT..-^-....*.'«...«^.x«.T«,..T.T ^^-,,,,^,,..^,^T.^T 

7&841B 

PagMft  Pfak • ..r. 

9L3445 

Kio  Grande  PTnunid 

44.4334 

Soath  River  Feak 

91.9fiOS 

TTnoomDahne  Peak rT......r.....^. 

6SiOS99 

Sun    T.nli    P^Hlk    ......T.T.*. ..,rrr.,,-..---...--r ,x- TT 

4&7QSI 

Station  98 

4a^lM8 

Monnt Onrav 

T&vn 

Station  94 

79.1Mn 

Hunt's  Peak 

6&983I 

Moont  RitoAlfeo 

78.9T99 

Craetono 

74.91^5 

Blftoca  Peak  -.-..^-..............r..............,...x.... TT-TT.r,---  -- 

66.ieiM 

Trinohera  Peak 

tA.«a 

CnlebraPeak 

84.7721 

CoetillaPeak 

88.8761 

a  Mil 

BMirted  Peak  t..... 

17.3964 

91. 7147 

AzimMik9  and  dUtanoesfrom  South  Biver  Peak  to-^ 


Kames. 

Aaimnths. 

Distances. 

pAffosa  Peak 

a     1    M 

97  34  38 
81  50  57 
108  09  43 
149  41  43 
185X93 
914  58  59 
918  35  59 
994  07  10 
936  01  01 
800  83  14 
314  96  17 

Jftles: 
91.344C 

Heeperis  Peak.... .. ....r..... ......  . 

61.4667 

"Rio  Grande  Pyramid 

9J.6t90 

XTnoom'DahKre' Peak - 

43.  CM 

San  Lnl<i  Peak 

98.5871 

Mount  OnraT  ....x.. ........rr 

71.0il8 

Station  94 

66.4614 

Station  98 

33.9197 

HfniFVtRltO  AltO...TT....... 

8a  3793 

BlanoaPeak 

88.0941 

Saiuroit  Peak 

91.9606 

AMimuthe  and  dUtaneee  from  San  LuU  Peak  to— 


Karnes. 


Sonth  Rlyer  Peak . . . 
Rio  Orande  Pyramid 
Unoonipabffre  Peak ., 

West  rak  Peak 

Rnow-mass  Monniain 

Station  33 

Meant  Harvard 

Meant  Onray 

Station  94 

Hnnt'sPeak 

Station  93 , 

Monnt  Rito  Alto 

Crestone 

Station  98 

BlancaPeak , 

ColebraPeak , 

OonctJos  Peak , 

Summit  Peak 


Asimntha. 

DisttBfCi. 

O      1      it 

Jftte. 

539  06 

9&S^I 

50  07  49 

3i»46 

101  36  80 

99.5410 

163  58  40 

514865 

174  41  S3 

7a  4069 

180  34  97 

a5444 

906^130 

7«.6r» 

931  45  49 

4a(«9 

938  47  06 

4&»5 

849  49  31 

easiM 

845  56  46 

4&SS04 

835  34  99 

6a99C0 

970  39  49 

969  00  51 

9l.T«6l 

980  11  99 

84.00G9 

301  81  07 

118.8486 

337  34  18 

S90r9 

343  35  55 

4S.70S9 

Ynuns.] 
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Jzmutka  and  ^ 


from  Uncampdkgre  Peak  to — 


Kamea. 

Asinaths. 

Distanoes. 

HMMrisPetk >. 

O     f     // 

38  33  10 

61  09  36 

75  33  01 

105  13  50 

1G3S3  31 

166  36  04 

196  34  06 

197  39  53 
326  05  56 
846  33  00 
349  50  32 
855  09  13 
256  50  55 
263  13  20 
276  10  50 
381  16  50 
319  33  37 
323  34  03 
351  57  17 

JTOm. 

5Sl  1859 

Houl  Wilson 

33.06JS 

MpoBtSiwifeis 

18. 6046 

VflQDtPwle 

99.3260 

IiMaPeak 

79L5liS 

Xorth  liam  P«ak 

93.3084 

^■w-ntM  Monatain 

75. 31C0 

Wcit  Elk  Peak '.V. ',.I-I".^.."III1.. 

46.7881 

If^BBf  Harrard 

85.3480 

AfeoejPeak 

35.8717 

Uooat'Oaray 

71. 5ia9 

8ti|joo3«... 

69.8995 

8liiioo83 '. '. '.'. 

7^3563 

Komil  Bito  Alto 

2)3.4435 

8latton33 

StaLoiaPeak 

39.5410 

65w0aSO 

8o«thBfverP^ 

43.3361 

87.3963 

» 

AaimiUka  and  diHonoea  from  Rio  Grande  Pjframid  to— 


Kamea. 

AximnUu. 

Distances. 

Mmnit Wilson x..xu...x..x.  .  ..x.xx 

O     1     II 

73  98  47 
135  45  05 
171  59  51 
814  49  55 
899  50  59 
887  47  43 
300  39  57 
313  13  00 

jrOit. 

34.6038 

ifd^iif  (fiiel|)pi]ii. ..,.. .,.,. 

31.8700 

TTn^piMhim PftA .      .r...... ............ 

27.3963 

Agency  Penk 

50.0130 

Sob  Lais  Peak 

33.9346 

Soalli  KlTer  Peak 

3:i.6800 

Vommlt  Peak 

414354 

TitgoaakFeak. 

34.1652 

Azimuths  and  distances  from  Hesperis  Peak  to— 


Names. 

Aximaths. 

Distanoes. 

•w Jasn Keedlo ...,.r  -,.,--.,.,,. ..,. 

O       1     II 

38  30  35 
73  51  00 
110  13  46 
138  01  15 
163  80  35 
190  SO  54 
808  41  51 
818  10  11 
344  18  10 
361  15  07 
969  41  43 
974  91  07 
985  43  31 
988  35  57 

Mile$. 
66.5990 

UlsPsak w 

39.55f5 

AJM^oPeak 

80.  toil 

MoaJitPeale 

93.6063 

I^nieCone ....x.......--r..x..... 

31.8935 

ICooiit  Wilson 

37.7060 

Mount  Sneffels 

41.8338 

TTnfloagipAhsr^  P«*k ^ ,,x--r-,..rr,..,Tr. ....... 

55il6a0 

Mmnt  iEolaV r.rxT---^--T -.-TTT---.i-.r....,r...... 

Bsntk  BiTor  Poik 

61.4667 

TteoaaPeak -....- 

oammit  Peak 

76.8418 

BaodsdPeak 

83.7469 

fllalionSl 

85.1594 

AjBimuths  and  distanoes  from  Abajo  Peak  to — 


Kames. 

Asimuths. 

Distanoes. 

IfoontPeale..... ^ - -  -  - 

O       t     II 

196  56  04 
966  40  51 
968  30  99 
989  93  94 
315  19  16 
330  16  40 

JftSst. 
43.3138 

Lone  Cove 

■ 

66.0793 

Moiint  Wilson  ...... --- -- ^-..,^.^^^^^..^. 

80.4308 

HesperisPeak .*. 

80.1011 

ITtelPeak -- --- 

53.6508 

San  Jnan  Needle 

»••■■•••••••«••••*••••••■•■ •••^•■•••» •••••••••• •••••• 

80.6881 
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AmmiUki  amd  di$taMd$  from  Motmi  Peale  to— 


Karnes. 

Adoratha. 

Diatancea. 

AbaioPeak * 

^ 

o     /    // 
17  06  41 
8V7  50  04 
838  55  19 
359  81  38 
884  08  19 
890  88  33 
301  04  33 
305  14  4.1 
317  19  07 
348  36  87 

JfOif. 
43.&U8 

'Nnrtii  Vftin  Pmk _ ,,_^ ^,,, ...... 

oasw 

]j«on  Peak 

86lM6 

West  Elk  Peak 

iiLSsao 

UDOOOipahgre  Peak.. ........;. 

90L3S6I 

llmiDl^ BnefiM« .,,x. ...... ........... 

llount  Wilaun 

79.o:m 

LooeCone 

6Sl3196 

BoaporiaPeak 

93.6063 

VtePeak 

b3.54<4 

Agimutki  iMd  dUiWMe&firom  Lome  Come  to— 


Kamca. 

AaimatiM. 

Dlatsoees. 

Han  Joan  Needle r    - 

O        /      M 

31  15  18 
34  40  35 
87  35  18 
135  £0  51 
194  SO  46 
324  41  32 
393  15  33 
883  59  19 
34J  14  37 

8&W)0 

UtePoak 

50.5906 

AlH\)oPeak 

6&019S 

Hfetiinf-  Peale  -T--. , 

6&3196 

7.«onPeak -. 

85.1437 

West  Elk  Peak 

81.0506 

Moont  Boeffela 

96.5310 

Moont  Wilson •...,.. 

14. 8131 

HesperisPeak 

3U8815 

AeimiUhe  and  dietanoee  from  West  Elk  Peak  to— 


Kaoaaa. 

Aaimntha. 

Distsaets. 

TTneomiMihiFre  Peak 

o      /    /# 

17  49  39 

33  31  56 

45  34  51 

80  41  34 

135  53t  43 

143  8t  19 

181  55  13 

194  39  49 

853  00  34 

807  19  U 

890  47  47 

896  43  53 

336  46  51 

339  85  35 

343  48  48 

JfOfv. 

46.  ion 

'Monnt  SnAfRalm -^  .^ 

58.8281 

liODe Cone 

81.0916 

Hlofii^t  Peale * 

111.5550 

Loon  Peak. - 

4A7K0 

Nort,h  Man  Peak 

Sa4113 

SoprisPeak 

37.  eel 

Bnow-mam  Monntnin  .....,.-....«,.......-  ....T.-Tr....r.'r.r. ...... ............ 

MoQDt  HarvaTd.......... ...t.. ....................................... .......... 

lienot  PriDeeton 

41.0MS 

M<^nnt Ooiav .......... ...t...........  ......r.^.Trr .---.... ...t...x.t.......... 

56L9eir 

8tAtiaD34 

59.M06 

Station  38 

65.»vr 

Affeaey  Peak x......r 

35.aN 

SuiL&aPMk 

581480 

Jzimuthsand  diekmoeBfrom  Snouhmaee  Mountain  to — 


KameSb 

Asimntlu. 

DistaaoM. 

TTneoiDTMAiETe  Pttak 

O       /      It 

16  38  54 
113  33  89 
148  48  13 
881  01  31 
898  80  50 
853  17  45 
888  14  34 
316  18  36 
319  48  44 
-349  87  41 
354  36  87 

JTiZflt. 
75.3180 

Ifmth  MwnPflftk 

46.6935 

SoprisPeak 

1L6S3S 

UonntPowell -     

sadfios 

M onntaln  «f  tlie  Hety  Oreas . . . 

"::..::::::::":::::::::: 

39.4744 

Mount  L'1ncolnx......r., ...........«r........... 

53.67M 

Moant Harvard  .«......r...,...'r..^xT.. .................. .........  ........... 

48.8MI 

Moant  Oorasr 

e&MHt 

Station  34 

7L3619 

Agency  Peak .................. 

S9.3M 

gfUl  J.n<a  PfHlk 

7a  4019 

WILBOR.] 


AZIMUTHS  AND   DISTANCES. 
Azimuths  and  diglauee$  firom  Leon  Peak  to— 
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KKoes. 

Aslmuths. 

DiatanoM. 

ItaotWIIaon 

0       /     " 

583  55 
15  19  SO 
59  5L  8-a 
176  49  89 
850  80  17 
305  88S6 
843  19  04 
S:>7  40  30 

JTOm. 
85.9096 

LMeOme llllllllllVillllllVillllllllliyilllVilV^'illlll 

85.1437 

VootPMle 

86.  (-608 

■»<>>  Vim  Ptftk  ,     .  

81.8li(0 

tetoPtoak ^I-..^II^II^JJ11^^^JI^^^^I^IJ^IJI]^1^J11^1^L^ 

3a  0888 

ir^VkPmk 

4;L76S0 

T'nemnpthKrtt  Pmk   

^^ 

78.5113 

llMiitWSUa ^,^^]lll.lll^,,^]ll^,l]]im]l^]lllll]\l]]]^,l^. 

74.8300 

Ariwiutke  tmd  distaneeeflwn  Nor^  Main  Ptaft  to — 


Kamee. 

Asimnths. 

Distances. 

ir«fat I^Klff  _    -.--,„ r 

O       1      II 

46  45  43 
851  67  09 
865  17  15 
888  44  87 
893  03  80 
331  56  07 
346  80  53 
356  48  40 

Miles. 

oaasno 

!   lloQolIHyw«]l -.>. 

85.4079 

i  H^mtaln fff  1b4^ HoIt  Ctwb ., ,,-- ..........,..r^- 

74.03111 

i   8iprtoCi«ek 

S7.9134 

i  ftifw-iii—  if^n"Btiiiii *.. 

46.6840 

WflikSIkPMk 1 

58.4113 

'^■fmDifthnw  PMik.... ...x.. 

93.8684 

umsS^^^!?z::v:^:j::::^^ 

81.8190 

CHAPTER   II. 


METHODS  OP  TOPOGRAPHICAL  FIELD  AND  OFFICE  WOEK. 

The  secondary  triaDgnlation  was  carried  on  by  the  topographers,  in 
connectioQ  with  the  topographical  work,  with  small  theodolites  reading 
to  minates  of  arc,  and  carrying  powerfal  telescopes ;  the  secondary 
triangles  sammed  up  with  a  mean  error  of  closure  of  about  two  minutes. 
As  this  work  was  constantly  checked  by  the  primary  points,  the  errors 
could  not  accumulate  sufficiently  to  be  perceptible  on  the  maps. 

The  topographical  field  work  was  carried  on  in  the  following  manner: 

First,  the  region  of  country  to  be  surveyed  was  divided  as  nearly  as 
possible  by  natural  boundaries  into  areas  sufficiently  large  to  employ  a 
party  the  whole  season. 

Before  taking  the  field,  the  topographer  supplies  himself  with  al!  tho 
information  possible  as  to  character  of  country,  &c.,  and  collects  all 
the  old  maps  that  might  give  any  idea  of  the  existing  trails,  roads,  or 
places  where  supplies  may  be  obtained.  Each  field-party  is  composed 
of  a  topographer,  geologist,  asbistant  topographer,  and  sometimes  a 
botanist  or  zoologist  accompanies  them;  these,  with  a  cook,  and  two  or 
three  packers,  complete  the  party.  The  geologist  and  topographer  work- 
king  in  concert  make  a  general  plan  for  the  summer  campaign,  aud 
equip  themselves  with  all  the  necessary  instruments  and  supplies. 

On  reaching  the  district,  they  select  the  first  commandipg  point 
and  ascend  it;  on  reaching  the  summit,  the  topographer  sets  up  his 
theodolite,  while  the  assistant  hangs  up  the  barometer. 

The  topographer  proceeds  to  make  a  careful  drainage  sketch,  on  which 
he  indicates  all  features  of  note,  while  the  assistant  makes  a  care- 
ful profile  sketch  of  the  entire  surrounding  country  on  a  large  scale. 
Upon  these  sketches  are  marked,  by  numbers  or  names,  all  the  points 
to  be  sighted,  or  in  some  cases  the  angular  readings  are  placed  upon  the 
sketches. 

After  this  is  done,  all  peaks,  points,  ends  of  spurs,  junctions  of  streams, 
in  fact  every  recognizable  feature  of  the  surrounding  country  are  sighted, 
and  the  angles,  both  horizontal  and  vertical,  recorded  in  a  book,  with 
their  numbers  or  names  appended. 

From  this  first  station  are  selected  a  number  of  points  occupying; 
commanding  positions,  as  points  to  be  occupied  as  future  stations,  and 
BO  on  from  each  station  there  would  be  constantly  selected  points  in 
advance,  on  which  stations  were  to  be  made. 

After  finishing  the  work  on  the  peak,  the  party  proceeds  to  the  next, 
and  there  repeats  the  sketches  and  angles,  taking  great  care  to  cheek 
every  previous  sight  possible,  aud  taking  all  the  new.  points  that  come 
within  range. 

Thus  from  day  to  day  the  country  is  sketched  from  every  possible  point 
of  view,  and  the  points  are  each  time  sighted,  giving  many  checks  to  the 
location  of  all  the  more  prominent  features  of  the  country. 

The  mountainous  regions  of  the  country  west  of  the  Mississippi  Krer 
are  generally  very  favorable  to  this  kind  of  work.    Nearly  all  the  moont- 
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in  a  straight  line  from  this  oentral  part  of  tfae  Sao  Jnan  country,  wbile 
the  second  is  123  miles  distant.    These  distances  are  too  great  to  give 
accurate  results  with  the  barometer.    At  several  points  in  the  region  ure 
succeeded  in  getting  two  readings  at  the  same  ^oint  at  intervals  of  sev- 
eral days,  but  finding  that  the  resulting  Ijeights  as  calculated  by  ref- 
erence to  those  distant  bases  did  not  agree  well  enough,  it  was  resolve<l 
to  collect  together  all  the  data  possible  from  the  field-notes  and  see  if 
a  fair  trigonometric  connection  between  the  monritain-peaks  could  not 
be  established.    The  resnlt  was,  under  the  circumstances,  highly  satis- 
factory.   It  must  be  remembered,  however,  that  the  instrument  used 
read  only  to  minutes  of  arc.    Supposing  an  error  of  a  minute  in  a  read- 
ing, which  is  not  at  all  uncommon,  the  resulting  error  in  the  difference  of 
level  of  two  peaks  from  a  single  observation  will  be  15.3  fieet  for  a  dis- 
tance of  10  miles  and  23  feet  for  a  distance  of  15  miles.    If,  as  is  some- 
times the  case,  the  error  be  more  than  one  minute,  the  error  in  the  ele- 
vation will  be  still  greater.    Another  large  and  uncertain  element  iii 
the  problem  is  refraction,  which  in  the  high  mountains  is  so  changea- 
ble as  to  add  much  to  the  uncertainty  of  the  results.    In  many  cases 
the  observations  were  taken  during  storms,  and  often  the  peaks  were 
sighted  through  breaks  in  the  clouds,  making  th^  refraction  still  more 
uncertain.    From  each  station  angles  of  elevation  or  depression  were 
taken  to  like  surrounding  peaks,  and  especially  to  previous  stations. 
Had  the  foresight  and  backsights  between  the  several  stations  been  sim- 
ultaneous, the  error  of  the  refraction  correction  would  have  been  very 
nearly  neutralized ;  but  these  two  sets  of  observations  were  never  taken 
at  the  same  time,  and  in  only  one  case  on  the  same  day.    From  each  of 
two  stations  I  always  succeeded  in  finding  some  peaks  which  had  heen 
sighted  from  both.    With  this  material  on  hand,  the  distances  were  ob- 
tained from  Mr.  Wilson's  plot  of  his  secondary  triangulation,  which  will 
Dot  probably  involve,  in  any  case  used,  a  greater  error  than  five*hau- 
dredtbs  of  a  mile,  which  includes  the  error  due  to  shrinkage  of  paper, 
as  these  distances  were  all  hastily  takeki  off  from  the  map  with  a  st^e. 
Having,  then,  the  horizontal  distance  between  the  two  stations,  and  the 
angle  of  elevation  or  depression  from  one  to  the  other,  of  course  the  dif- 
ference of  level  can  be  determined.    But  on  account  of  the  errors  which 
have  crept  into  these  angles  from  the  cause  above  mentioned,  one  de^ 
termination  of  the  diflference  of  level  is  not  sufficient.    For  a  still  flser 
approximation,  wherever  vertical  angles  had  been  taken  from  two  sta- 
tions to  the  same  point,  the  height  of  that  above  and  below  each  station 
was  calculated.    From  this  another  determination  of  the  difference  in 
the  height  of  the  two  stations  was  determined ;  then  the  height  of  an- 
other unvisited  point  was  calculated,  and  so  on  for  all  the  near  points 
sighted  from  both  stations.    Each  point  gives  one  determination  of  the 
difference  of  the  two  stations.    In  some  cases  it  will  be  found  that  one 
result  is  far  out  from  the  rest.    This  may  be  due  to  the  fact  that  sights 
to  the  different  points  which  have  received  by  mistake  the  same  number 
in  the  notes  have  been  used.    Such  cases  are  thrown  out  and  a  mean  of 
the  rest  assumed  as  the  true  difference  of  level.    It  was  found  that  on 
account  of  errors  of  reflraction  and  imperfections  of  the  instmmenti 
sights  over  15  miles  in  length  could  not  be  depended  on  at  all.   lu 
the  following  calculation  no  sights  of  that  length  were  used,  and  in&ot 
very  few  over  10  miles  have  been  used.    In  making  the  calculation,  the 
following  formula  was  used,  taken  from  Lee's  tables : 

dh  =  0.00000485  E  A  ±  0.000000667  E>; 

in  which  dh  is  the  difference  of  level  of  the  two  points,  K  the  h(ffi- 
sontal  distance  in  yards,  and  A  the  number  of  seconds  in  the  vertical 
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angle  used.  In  this  formula  are  contained  corrections  for  both  cnrva- 
tare  and  refraetioUy  the  latter  element  being  assumed  equal  to  0.078  of 
the  corvature.  On  examining  the  notes  carefully  it  was  found  that 
tbere  were  sights  to  many  huimreds  of  difTerent  peaks,  and  it  became  a 
difiScolt  problem  to  utilize  all  this  material  and  at  the  same  time  do  it 
aeeording  to  a  system.  After  a  number  of  experiments  on  different 
netbods  it  was  found  that  to  bring  order  out  of  this  chaos  it  was  neccs- 
niy  to  take  up  each  link  in  the  chain  separately,  and  use  all  the  data 
that  could  be  found  pertaining  to  it,  and  determine  the  diflGBrence  of 
le?el  of  these  two  stations  finally.  Next  the  same  process  had  to  be 
gone  through  with  the  line  from  the  second  point  to  the  next  station 
beyond,  and  so  on.  In  doing  this,  it  was  found  that  some  of  these  lines 
were  much  better  determined  than  the  others.  In  finally  reducing  these 
differences  of  level  to  a  common  datum  point,  this  fact  might  multiply 
the  errors  in  the  work.  For  instance,  a  number  of  well-determined  dii- 
ferences  of  level  might  be  transferred  through  a  poorly-determined  line, 
thus  vitiating  all  with  the  error  of  the  one.  In  order  to  obviate  this  the 
Allowing  scheme  was  adopted :  A  central  chain  of  well-determined  lines 
was  carried  through  the  heart  of  the  mountain  mass,  from  Mount  Wilson, 
the  most  westerly  of  the  high  peaks,  to  Station  8,  five  miles  east  of  Un- 
oompabgre  Peak,  in  the  northeast  corner  of  the  mass.  From  this  main 
line  several  secondary  branches  were  cariied  wherever  the  short  lines 
eoold  be  well  determined.  This  system  covered  the  whole  mass  of 
nouDtains.  Other  stations,  which  could  not  be  well  enough  determined 
independently,  were  connected  with  different  points  in  the  main  lines, 
la  the  central  line  we  have  the  following  parts :  From  Mount  Wilson 
to  Station  30,  a  peak  east  of  it  and  distant  9.3  miles,  is  a  fall  of  383  feet, 
which  is  the  mean  of  five  determinations  having  a  range  of  32  feet ; 
thence  east  to  Sultan  Mountain,  a  distance  of  6.^  miles,  with  a  fall  of 
536  feet,  the  mean  of  six  determinations,  range  23  feet ;  thence  northeast 
to  Station  16,  distant  6.60  miles,  a  rise  of  176  feet,  the  mean  of  nine  de- 
terminations, range  35  feet ;  thence  northeast  to  Handie's  Peak,  7,51 
miles,  a  rise  of  45o  feet,  the  mean  of  eight  determinations,  range  54  feet ; 
thence  north  to  Uncompahgre  Peak,  distant  11.14  miles,  a  rise  of  238 
feet,  the  mean  of  nine  determinations,  range  49  feet ;  thence  east  to  Sta- 
tion 8,  distant  4.92  miles,  a  fall  of  1,380  feet,  the  mean  of  ten  determina- 
tions, range  67  feet.  This  completes  the  central  or  trunk  line,  whose 
length  is  46.35  miles.  From  Sultan  Mountain  a  branch  was  extended 
eastward  from  this  peak  to  Station  25,  distant  10.28  miles,  a  rise  of  209 
feet,  the  mean  of  twelve  determinations,  range  67 ;  thence  to  Bio  Grande 
Pyrunid,  distant  8.63  miles,  a  rise  of  197  feet,  the  mean  of  nineteen  de- 
terminations, range  95.  From  Station  25,  a  branch  extends  to  Mount 
Oeo,  distant  7/^9  miles,  a  rise  of  64  feet,  the  mean  of  seven  deter- 
minations, range  37.  From  Station  30,  a  secondary  branch  was  ex- 
tended south  and  west.  Station  30  to  Engineer  Mountain,  distant 
6.98  miles,  a  fall  of  926  feet,  the  mean  of  eight  determinations, 
range  22;  thence  west  to  Station  36,  distant  6.76  miles,  a  fall  of 
417  feet,  the  mean  of  eleven  determinations,  range  51;  thence  to 
Station  37,  distant  3.65  miles,  a  rise  of  94  feet,  the  mean  of  five 
determinations,  range  35.  Another  important  subline  extends  from 
Saltan  Mountain  to  the  northwest.  The  first  link  in  the  chain  is  the 
line  from  this  point  to  Station  28.  The  heights  of  Stations  30  and  16 
above  Sultan  Mountain  having  been  already  well  determined  from  the 
central  chain,  I  made  use  of  all  the  connections  between  Station  28  and 
each  of  these  points,  reducing  all  of  them  to  a  common  point.  The  re- 
Bolt  from  this  was  the  following :  Sultan  Mountain  to  Station  28,  distant 
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7.86  miles,  a  fall  of  484  feet,  the  mean  of  eighteen  determinations,  rangt 
70  feet ;  tbence  to  Station  9,  distant  3.77  miles,  a  rise  of  324  feet,  thi 
mean  of  eight  determinations,  range  43  feet ;  thence  to  Monnt  Soeffe^ 
distant  5.94  miles,  a  rise  of  952  feet,  the  mean  of  six  determination^ 
range  36  feet ;  thence  to  Station  34,  distant  6.65  miles,  a  fall  of  1,1< 
feet,  the  mean  of  five  determinations,  range  23  feet.  This  completes 
the  well-determined  chains.  Other  stations  on  which  barometric 
ings  have  been  taken  were  connected  with  as  many  points  in  the 
lines  as  possible,  and  these  being  rednced  to  a  common  point,  a  m( 
was  taken.  Such  points  are  the  following :  Sultan  Mountain  to  static 
10,  a  fall  of  223  feet,  the  mean  of  eleven  determinations,  range  76  feetj 
Uncompahgre  Peak  to  Station  5,  a  fall  of  1,498  feet,  the  mean  of  ten  dk 
terminations,  range  85  feet ;  Uncompahgre  Peak  to  Station  11,  a  fall 
3,624  feet,  the  mean  of  eight  determinations,  range  111  feet ;  Salt 
Mountain  to  Station  51,  a  fall  of  835  feet,  the  mean  of  three  determine 
tions,  range  75  feet;  Sultan  Mountain  to  Station  48,  a  fall  of  1,061  feet 
the  mean  of  six  determinations,  range  59  feet ;  Handle's  Peak  to  statioi 
13,  a  fall  of  1,175  feet,  mean  of  fore  and  back  sights,  range  6  feet.  Bi 
sides  these,  there  are  two  which  depend  on  single  determination! 
First,  from  Sultan  Mountain  to  the  point  in  BakePs  Park  where  th< 
road  crosses  Cement  Creek  in  Silverton,  distant  3  miles,  a  fall  of  3,961 
feet  'y  second,  from  Mount  Sneffels  to  Station  32,  which  is  obtained  froi 
sights  to  a  common  point  between  them,  distant  from  Mount  Sneffels] 
2.04  miles,  and  fh)m  Station  32, 3.75  miles,  the  fall  is  5,050  feet.  Thii 
difference  of  level  is  checked  by  sights  to  distant  points  to  the  south 
Station  32.  These  two  cases  are  admitted  because  the  distances  wersi 
so  short  as  to  preclude  the  possibility  of  any  considerable  error.  From' 
these  results  a  table  was  made  out  showing  the  heights  of  each  station, 
above  or  below  a  common  datum  point.  Sultan  Mountain  was  selected 
as  the  datum  point  from  its  central  location,  and  also  from  the  fact  that 
it  was  situated  on  the  great  central  chain  of  levels,  at  its  junction  with 
two  principal  sublines.  A  second  column  was  added,  giving  the  height 
of  each  station  as  determined  by  the  single  barometric  reding  taken 
thereon.  A  third  column  was  made  out  of  the  first  two,  by  adding  the 
number  in  the  first  column  to  the  one  in  the  second  when  preceded  by  the 
minus  sign,  and  by  subtracting  it  when  plus.  This  column  represents  the  | 
elevations  above  sea-level  of  Sultan  Mountain  as  determined  from  the 
barometric  readings  at  the  several  stations.  It  will  be  seen  that  the 
twenty-three  results  have  a  range  of  203  feet.  A  mean  of  all  these  was 
assumed  as  the  true  height  of  Sultan  Mountain ;  and  by  reversing  the 
previous  process  and  adding  the  plus  differences  of  height  in  the  first 
column  and  subtracting  the  minus,  a  fourth  column  was  obtained,  giving 
the  elevation  of  each  station  as  reduced  from  the  mean  of  the  twenty-three 
readings.  A  fifth  column  was  added,  giving  the  date  of  each  reading  on 
the  different  stations.  From  this  it  will  be  seen  that  the  observatioDS 
extend  from  August  1  to  October  6— more  than  two  months.  By  exam- 
ining the  table  carefully  it  will  be  seen  that  nearly  all  the  earlier  read- 
ings give  heights  above  the  mean  and  the  latter  below  it.  Whether  this 
is  merely  accidental,  or  due  to  some  physical  law,  I  cannot  tell.  It  will 
be  seen  that  several  of  these  stations,  whose  height  relative  to  the  rest 
has  been  well  determined,  do  not  appear  in  the  table.  This  is  due  to  the 
fact  that  at  those  stations,  either  from  storms  or  other  causes,  we  failed 
to  get  barometric  readings. 
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"Name  of  station. 


•^SUtiwiS 

"IttitionS 

*1ToeoiDpahste  Peak. . 

"Stitiomo.r. 

'StationU 

'8totloal3 

''Haadie'8  Peak 

-'Station  16 

"Slo  Grande  Pyramid 

"Sattaa  Moontain 

"SUrerton 


'Stations? 

^Station  39 

*8titk»30 

"Station  33 

"Sloont  Sneffiala 

**  Station  34. 

"Mount  Wilaon . 

"Station  36 

"Stations? 

"Station  38 

"Station  48 

"Station  51 


II 


^1 

■49G0     . 


+ 


4- 
+ 


511 
869 
823 
si,  755 
544 
631 
175 
407 


+ 


3,061 
777 
160 
531 

iS5d 
792 
369 
914 
813 
713 
320 

1,001 
835 


SQo 


151,770 
13,060 
14,337 
13,083 
10.684 
18,893 
14, 101 
15,5!)3 
13,801 
13,298 

9, 377 
13. 401 
13,120 
13,937 

9.037 
14.16i 
13,988 
14,185 
13.538 
12.CI3 
13,014 
13,331 
13,518 


Si 
-3 

00 


I 


13,309 
13,471 
13,4«i8 
13,305 
13,439 
1^  439 
13,470 
13,418 
13,394 
13.S98 
13,338 
13,368 
13,3-0 
13.306 
13.835 
13. 370 
13,357 
J3  271 
13,350 
13,341 
13,334 
13.a^3 
13,353 


13,366 


I 


13,737 
13.855 
14,335 
13.143 
10,611 
13,833 
13,997 
13,511 
13,773 
13,366 

0.405 
13,589 
13.306 
13.P97 

9,108 
14, 153 
13,997 
14,880 
13,554 
13,648 
13.046 
18,305 
18,531 


I 


§  M 

si 

p 


Ang. 
Aug. 
Ang. 
Aug. 
Aag. 
Aug. 
Aug. 
Aag. 
Ang. 
Aug. 
Ang. 
Sept 
Spt 
Sept 
Sept. 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept 
Oct 


1, 1874. 

6, 1874. 

8,1874. 

10. 1874. 

13, 1874. 

14, 1874 

15, 1874. 

17, 1874. 

83,1874 

31, 1874 

31,1874 

3, 1874 

4,1874 

6,1874 

9, 1874. 

10, 1874 

11, 1874 

13, 1874 

14,1874 

15, 1874. 

30,1874 

30,1874 

6^1874 


^^' With  the  elevations  of  these  stations  determined,  the  heights  of  an- 
visited  points  were  obtained  by  applying  the  difiterence  of  level  as  ob- 
tained from  the  vertical  angle  to  the  height  of  the  station  from  which 
the  angle  was  taken.  As  most  of  the  nnvisited  points  are  sighted  from 
many  stations,  we  have  for  each  a  nnmber  of  determinations,  of  which 
the  mean  is  taken.  Many  of  these  points  are  qaite  as  well  determined 
as  some  of  the  stations." 


OFFIOE-WOBK  OF  THE  TOPOaBAPHEB. 

On  the  return  of  the  parties  to  the  office,  each  of  the  topographers 
calcalates  and  constrncts  a  projection  on  a  scale  of  two  miles  to  one 
inch,  on  heavy  mounted  drawing-paper.  On  each  sheet  are  plotted,  by 
latitudes  and  longitudes,  all  the  primary  points  that  had  been  located 
in  the  district,  with  a  sufficient  number  of  secondary  points  from  which 
to  plot  the  remainder  of  the  stations,  with  large  eight-inch  circular  pro- 
tractors reading  to  minutes  of  arc. 

After  locating  all  the  stations,  they  establish  all  the  points  that  have 
been  sighted  from  the  numerous  sta.tions,  upon  the  sheet.  When  all 
the  points  are  placed  upon  the  sheet  in  the  foregoing  manner,  the  drain- 
age is  located  by  plotting  first  all  points  along  the  streams  that  have 
been  sighted,  such  as  junctions,  noted  bends,  &c.,  then  all  the  minor 
details  from  the  drainage-sketches  are  filled  in,  carefully  studying  all 
the  different  sketches  that  contain  the  streams  in  question. 

The  sketches  are  made  on  a  scale  from  three  to  four  times  larger  than 
that  at  which  the  final  maps  are  plotted ;  so  there  is  generally  more  de- 
tail on  the  sketches  than  can  be  represented  on  the  maps.  Plates  XVII 
and  XVIII  represent  these  sketches,  which  are  actual  tracings  from  the 
field-book,  with  the  notes,  &c.,  as  taken  from  Stations  115  and  125  by 
myself. 
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TarniDg  to  the  sketch,  it  will  be  seen  that  every  juDCtion  and  impor- 
tant bend  is  sighted^  and  that  all  the  prominent  peaks  are  indicated  in 
their  relative  positions,  as  nearly  as  could  be  jadged.  Gompariog  this 
with  the  map  as  plotted  (see  Plate  XXI),  we  find  that  it  is  somewhat 
distorted,  as  might  be  expected  when  we  consider  that  the  sketch  was 
made  entirely  by  eye.  Bat  at  the  same  time  it  will  be  seen,  after  all 
the  points  are  actually  located,  that  the  remainder  of  the  drainage  can 
be  sketched  in  very  correctly. 

Now  we  have  the  frame- work  of  the  map  npon  the  paper ;  it  is  inked 
in  and  we  are  ready  to  commence  the  drawing  of  the  hill-stractnre, 
which  we  indicate  by  contonr-liues,  each  representing  200  feet  of 
vertical  distance.  By  these  lines  we  give  the  approximate  heights  as 
well  as  forms  of  the  mountains  as  nearly  as  we  know  them,  from  the 
nnmerous  height  and  profile  sketches  which  we  have  taken  from  every 
occnpied  station.  I  will  state  here  that  I  do  not  attempt  in  this  paper 
to  give  all  the  minor  details  of  this  work,  pi*oposing  only  to  give  a  gen- 
eral idea  of  the  methods  nsed  in  constructing  the  maps.  First,  all  the 
heights  are  calculated  and  tabulated  in  some  convenient  form  for  refer- 
ence. 

Having  our  points  and  drainage  locate,  we  start,  for  instance,  with 
the  heights  of  the  points  (a)  and  (h)  (see  Plate  XX) ;  the  difference  be- 
tween these  two  points  we  find  to  be  about  3,000  feet;  the  contoars 
being  200  feet  apart,  we  have  fifteen  to  be  distributed  between  these  two 
points ;  they  are  accordingly  spaced  in  from  the  sketch  nearer  together 
or  farther  apart  as  the  slope  is  greater  or  less.  Next  we  find  the  point 
marked  (9)  to  be  about  the  same  height  as  (ft),  and  the  point  on  the  stream 
marked  (5)  to  be  nearly  the  same  as  (a) ;  consequently  we  have  fifteen 
contours  to  space  in  between  these  points.  But  we  find  from  the  height , 
of  (e)  that  five  of  these  come  between  points  (c  and  5),  therefore  comin<r 
much  nearer  to  each  other,  as  the  slope  is  greater  than  between  (c  and 
9),  where  they  are  nearly  equidistant  from  each  other,  as  the  slope  is 
comparatively  even  and  gentle. 

Now  we  turn  to  the  sketch  from  Gulebra  Peak,  which  will  give  us  the 
profile  of  the  ridge  from  (9)  to  (d),  and  in  the  same  manner  space  in  the  , 
contours.  We  can  now  connect  these  lines,  carefully  studying  the  j 
sketch,  to  see  how  deep  the  ravines  are  cut,  and  the  general  forms  of  t 
the  ridge  which  lead  from  (9)  to  the  valleys  below.  In  this  manner  all  . 
of  the  mountains  are  carefully  drawn  as  we  have  sketches  such  as  are  ' 
given  from  Stations  115  and  125  from  every  point  that  has  been  occupied,  i 
with  the  heights  of  all  located  points,  besides  many  more  that  do  oot 
appear  as  located  points,  such  as  valleys,  passes,  benches,  &c.  Plates 
XYIII,  XIX,  and  XX  will  give  some  idea  of  the  field-sketches,  while 
Plate  XXI  will  show  the  map  as  finished  in  the  office,  only  at  a  much 
reduced  scale.  This  plate  is  taken  from  a  proof  of  the  engraved  sheet  } 
to  illustrate  the  result  of  this  method  of  work.  , 

To  give  some  idea  of  the  amount  of  work  that  has  been  done  by  the  , 
topographical  corps  in  the  survey  of  (Tolorado,  I  will  state  that  we  have  > 
established  1,280  topographical  stations  within  an  area  of  about  70,000  ■ 
square  miles,  and  from  each  station  all  the  surrounding  country  was 
sketched  as  previously  described.  My  assistant  made  over  one  thou-  j 
sand  pages  of  profile  sketches  daring  the  field-season  of  1875,  each  page  * 
being  6  by  10  inches,  while  I  myself  made  some  five  hundred  pages  of  ' 
drainage-sketches,  and  took  the  thoasands  of  angles  that  were  necessary  ; 
to  locate  all  the  points. 

In  referring  to  the  sketches  given,  the  system  of  numbering  the  ] 
points  may  not  be  clearly  understood.    Turn  to  Plate  XIX,  for  instance,  , 
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bn  will  see  there  such  numbers  as  (16-116),  (14-115),  (2d-116),  &a, 
fbicb  mean  simply  No.  16  from  Station  115^  No.  14  from  Station  115, 

fid  No.  29  from  Station  116.  These  numbers  are  obtained  in  thofol- 
wiDg  manner :  Beginning  at  Station  1,  we  sight,  say,  one  hundred 
Dints;  it  will  be  seen  at  once  that  there  must  l^  some  short  and  effi* 
ient  method  adopted  by  which  these  points  can  be  designated  when 
pting  them  from  the  stations  that  are  to  follow.  To  give  each  a  descrip^ 
jre  Dame  becomes  impossible,  owing  to  the  number  and  the  time  it  would 
Ike,  which  is  a  very  important  consideration  to  the  topographer,  for 
is  time  is  so  much  taken  up  by  tbe  ascent  and  descent  of  the  mount- 

t[  that  he  is  compelled  to  economize  time  in  every  possible  manner, 
ch  point  is  numbered,  commencing  with  one;  these  numbers  are  placed 
itke  sketches  over  or  by  the  point  to  be  sighted,  and  when  the  angles 
b  taken  and  recorded,  the  number  of  the  point  is  placed  after  its  angle* 
pom  the  next  station  as  you  sight  the  points,  place  the  same  number 
'er  the  angle,  but  instead  of  the  simple  numbers  write  (1-1),  (2-1), 
1),  which  signify,  as  before  stated,  point  1  from  Station  1,  point  2 
pm  Station  1,  &c. ;  and  this  designation  or  name,  as  it  may  be  called, 
[always  used  thereafter,  except  where  they  are  afterward  occupied  as 
ktions;  it  is  then  more  eonvenient  to  substitute  the  number  of  the 
fition  in  place  of  the  old  one. 

Any  new  x)oints  sighted  from  Station  2  are  numbered  again,  com- 
iBDciDg  with  one  as  l^fore,  and  these  become  (1-2),  (2-2),  (3-2),  and  so 
I  from  station  to  station  as  above,  (1&-115),  (14-115),  the  first  number 

S^ajs  referring  to  the  number  from  the  given  station,  while  the  second 
es  the  number  of  the  station. 

This  system  of  numbering  was  originally  developed  by  myself,  and  I 
l^e  nsed  it  for  several  years  in  connection  with  this  class  of  topo- 

fhical  work,  and  find  it  as  short  and  at  the  same  time  as  com- 
a  system  of  giving  names  to  the  many  points  that  are  neces- 
to  sight  as  any  that  I  have  seen.  It  also  facilitates  the  plotting 
ly  much.  For  instance,  in  plotting  yon  come  to  a  point  in  the  notes 
station  125  marked  14-115 ;  you  know  at  once  by  turning  to  Station 
p  that  you  will  find  another  reading  on  this  point  14,  and  that  you 
P  probably  find  it  sighted  from  the  intermediate  stations.  Thus  much 
le  is  saved  in  looking  for  the  necessary  checks  to  any  point  that  you 
^  wish  to  locate. 

Bometimea  tlie  bearings  are  simply  placed  on  the  sketches,  especially 
[points  that  are  not  likely  to  be  sighted  often,  such  as  minor  points, 
|iam  jnnctions,  &c. ;  in  that  case  the  horizontal  angle  is  first  recorded ; 
h  follows  the  vertical  angle,  with  a  pins  or  minus  sign  placed  before 
b  show  whether  it  be  an  angle  of  elevation  or  depression,  thus :  83^ 

[+  lo  3(y. 

er  the  more  settled  portions  of  the  country,  the  principal  roads 
'e  been  meandered  with  compass  and  odometer. 

e  final  results  of  the  work  4n  Colorado  will  be  published  in  the 

of  an  atlaa,  containing  six  topographical  sheets  drawn  in  contours 
above  described.  These  sheets  were  originally  drawn  on  a  scale  of 
miles  to  one  inch,  then  reduced  to  a  seale  of  four  miles  to  one  inch, 

engra\^d  on  stone.  The  projection  is  so  constructed  that  the  six 
ts  may  be  mounted  as  one  map.  The  six  corresponding  geological 
Is  are  printed  in  colors  on  the  contour  sheets  as  bases. 

e  general  drainage  map  was  compiled  mainly  fh)m  the  final  sheets 

is  published  at  a  scale  of  twelve  miles  to  one  inch.    This  map  was 

ed  for  general  distribution,  and  gives,  as  well  as  the  drainage 

m,  all  of  tbe  roads,  trails,  railroads,  towns,,  prominent  monntaiu- 
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peaks,  with  their  heights,  &c.    Upon  this  map  as  a  base  are  printed 
general  geologic  and  economic  maps  of  the  whole  State  of  Colorado. 

The  economic  map  has  been  constructed  from  notes  taken  by 
members  of  the  different  parties  while  in  pursuit  of  their  regular  dntii 
Upon  this  sheet  are  given  as  nearly  as  possible  the  outlines  of  the  a[ 
cnltaTal,  grazing,  timber,  mineral,  and  desert  lands,  each  represent 
by  different  colors. 

The  atlas  also  contains  two  sheets  of  geological  sections,  and  two 
characteristic  panoramic  views.    These,  with  the  primary  triangalatic 
map,  completes  the  atlas. 

DECLII9ATI0N  OF  THE  HAGNETIO  NEEDLE. 

I  give  below  a  table  of  declinations  of  the  magnetic  needle,  with 
approximate  latitudes  and  longitudes  of  the  points  of  observation, 
will  be  seen  at  a  glance  that  little  dependence  can  be  placed  on  the  cot 
pass  over  the  greater  part  of  this  region,  especially  in  the  mount 
portions,  where  the  variation  has  a  range  from  5^  to  24<^,  and  this  occi 
in  a  small  area. 

In  the  plains  and  mesa  country  of  the  southwestern  part  of  Golora< 
the  declination  is  much  more  regular,  ranging  ft-om  13^  to  15o. 
declination  all  along  the  southern  part  of  Colorado  and  northern  portic 
of  New  Mexico  is  aboat  13^  3(K,  where  it  is  not  disturbed  by  local 
tractions.  This  gradually  increases  as  yon  go  north  until  it  react 
15^  3(y  at  the  northern  border  of  the  State. 

It  will  be  seen  from  the  table  that  it  is  difficult  to  give  any  definit 
declination  for  even  a  small  area  of  conntry,  as  the  local  attraction  vaiic 
greatly  within  a  small  area. 

This  wide  range  of  the  magnetic  variation  has  no  doubt  been  a  v( 
fraitf ul  source  of  error  in  all  of  the  older  explorations  through  the  in teri( 
whMi  in  their  meandering  systems  so  much  dependence  bad  to  be  p]a< 
on  the  compass,  and,  having  no  fixed  points  to  correct  these  errors  1 
they  must  have  accumulated  to  considerable  proportions  over  every 
siderable  area  of  country  or  every  extended  line,  even  though  they  w< 
often  checked  by  azimuth  observations. 


Point  of  obserrAtioii. 

4 
i 

1 

3 

Date. 

i 

station  1 

O        * 

38    99 
3d    95 
38    30 
38    97 
38    98 
:m   90 
88    17 
38    31 

36  97 
38    14 
38    11 

37  54 

38  08 
38    13 
38    93 
38    17 
38    90 

37  55 

38  01 
38    IG 
38    94 
38    99 
38    41 
38    49 
38    # 
38    35 

O           1 

106    06 
106    13 
106    15 
105    5G 
105    51 
105    U 
105    33 
105    99 
105    16 
105    18 
105    96 
105    33 
105    43 
105    45 

105  50 

106  06 
106    13 
106    33 
106    55 
106    53 
106    4*2 
106    31 
106    37 
106    39 
106    97 
106    92 

1873. 

.'%:-:: 

....do . ...... 

....do 

«...do ....... 

....do 

do 

....do ....... 

....do 

— do 

....do  ....... 

....do 

....do 

do 

....do 

....do ....... 

Aneost 

do 

— do 

do 

do 

....do 

do 

....do 

....do 

do 

1 

Moant  OnT»v  ..............*... ..i#.. ................ ........ 

i 

North  of  Onrav... 

■ 

Station  4 , 

^ 

Station  5 - - .- 

1 

Station? :. 

■ 

Stations 

• 

Station  10 #..... .-. 

Station  11 ! 

SrationlS 

Station  15 

Station  18 

Station  19 *• 

Honnt  Rito  Alto 

Hnnti*  Pttak 

Station  S3 ,,-.. 

Station  M 

SUtionSS 

Station  33 

Airenfly  Poak 

Station -15 

Stations? 

■ 

Station  38 

Station  4d 

Station  44 

Station  45 

Plate  :SXI 


k 


HILBOK.) 


DECUNATION  OF  MAGNETIC  NEEDLE. 


307 


Point  of  obtemtioB. 


JCoant Princoton  ..••••..•....■•*•..■  ...•....« 

8MionS0 « 

8t*|km98^ 

Station  54 

Black  MoanUlii 

Soatli  Off  Blaek  Moontoin 

Suyontfl 

fitalioiies ^ 

Sutton  65 

Station  67 

Station  71 

Station  73 

Station  80 

Station  81 —.r^.. 

IfoontPiAEBh ..^..., 

Station  90 « 

Station  91 ^. 

Sutfmti 

Station  98 

Pike's  Peak 

HoontHarrard 

laPlatoPenk 

GriidyPeftk 

Italin  Monntnin 

8nov*nuM8  MoQDtain 

8t«tbn69 

CiostedBatte 

Pork  Cone 

St»tkni75 

Station  76 ,. 

SopriaPeaJL 

HdjCraw 

Station  69 

Cattle  Pesk 

Stations 

Stations 

Stations 

Station  10 „ 

Station  11 

Station  19 

Itio  Grande  Pynmid 

Station  87..... 

Station  29 

Sutionao 

Bngineer  Monotain 

Station  33 

Station  34 

HoontWilaoB 

Station  36 

Stations? 

Station  4S 

Station  44 

Station  47 

sutionao,'v^j""."'.'.".;i;i!r.i""r.".'.ii"i 

station  36....... 

Station  57 

BelKorte 

Station  64 

SUtlonSO 

StaUoni 

Station  7 

Station  91 

Station  25.... 

Station  S7 

Station  89 

Station  89.... 

Station  ai...l * 

J«ttvin»aB«Jc 1 

Station  47... 

Station  77 
Honetta] 
Stations 
SCallona.. 
StatknO.. 
Station  11 
Station  18 
Btationia 
Station  89 
Station  83 


i 

1 

9 

I 

3 

o 

/ 

o 

/ 

38 

45 

106 

14 

38 

38 

106 

13 

38 

47 

106 

03 

38 

41 

105 

57 

38 

43 

105 

4t 

38 

36 

.  105 

41 

38 

89 

100 

46 

38 

88 

105 

38 

38 

91 

105 

88 

36 

34 

105 

33 

38 

43 

105 

33 

38 

31 

105 

16 

38 

01 

105 

01 

37 

53 

105 

00 

38 

46 

105 

13 

38 

41 

105 

10 

38 

38 

105 

07 

SR 

39 

105 

00 

39 

48 

104 

49 

38 

50 

105 

03 

38 

56 

106 

19 

30 

09 

106 

S» 

30 

03 

106 

36 

38 

57 

106 

45 

39 

07 

107 

04 

39 

00 

107 

03 

38 

53 

106 

56 

38 

48 

106 

36 

38 

50 

106 

84 

39 

05 

106 

43 

39 

16 

107 

10 

39 

88 

106 

89 

38 

47 

106 

14 

39 

01 

106 

51 

37 

58 

107 

04 

38 

08 

107 

13 

38 

03 

107 

S3 

37 

59 

107 

30 

38 

03 

107 

18 

37 

48 

107 

19 

37 

41 

107 

83 

37 

53 

107 

49 

37 

57 

107 

43 

37 

48 

107 

50 

37 

43 

107 

48 

37 

57 

107 

53 

38 

03 

107 

54 

37 

50 

107 

59 

37 

43 

107 

56 

37 

41 

107 

59 

37 

80 

107 

55 

37 

17 

107 

49 

37 

SO 

107 

43 

37 

84 

107 

38 

37 

49 

106 

55 

37 

40 

106 

36 

37 

40 

106 

81 

37 

51 

105 

54 

37 

37 

106 

09 

40 

83 

105 

46 

40 

23 

106 

16 

40 

.81 

106 

56 

40 

85 

107 

13 

40 

S3 

107 

S3 

39 

57 

107 

48 

39 

57 

107 

53 

40 

06 

107 

43 

39 

54 

107 

13 

39 

53 

107 

05 

39 

59 

.106 

39 

39 

83 

106 

85 

39 

38 

106 

30 

39 

39 

106 

40 

39 

35 

106 

54 

39 

30 

107 

01 

38 

33 

107 

87 

38 

31 

107 

S3 

38 

33 

107 

35 

38 

85 

107 

35 

I 


1873L 

Ancnat 

....Jo 

September.. 

....do 

....do ....... 

....do . ...... 

.do 

....do ....... 

....do .....'.. 

....do ....... 

....do ....... 

do 

....do 

. ...do  ....... 

....do 

....do 

....do 

October 

....do 

....do  ....... 

.-..do 

....do 

....do ....... 

do 

do 

,...do 

do 

.do 

do 

.do 

....do  ....... 

....do  ....... 

....do 

....do 

1874. 

Jnly 

do 

Aaffnat 

...   GO 

....do 

.do 

— do 

Seplember.. 
..  .do ....... 

....do 

....do 

....do  ....... 

....do ....... 

...do  ....... 

do 

....do ....... 

....do ....... 

....do 

....do 

October 

....do 

....do 

....do  ...••.. 

....do ....... 

....do . ...... 

Anfcaat 

do 

....do ....... 

....do 

September.. 

....do 

....do ....... 

....do 

....do ....... 

October 

....do ....... 

....do . ...... 

....do ....... 

....do ....... 

.do 

....do 

....do  ....... 

do 

....do 

....do ....... 


[5  40 

16  10 

13  30 

L4  47 

15  00 

13  10 

8  50 

4  44 

5  80 

3  40 

4  05 
4  40 

6  35 
00 
55 


L4 
13 


14 
L5 


08 
00 
15 
00 
84 
41 
04 
38 
16  05 
13  18 
23  40 
82  10 
58 
80 
00 


14 
15 

14 
L5 
L4 
17 


L4 

11 


L5 

15 
17 

14 


13 
17 
15 

08 


15  28 

14  50 
6  00 

13  18 

15  15 

13  45 
L3  56 

14  30 
L4  34 
9  00 

L3  56 

16  00 
16  55 

13  08 
16  15 

14  33 
14 


00 
20 
86 
25 
06 
40 
36 
37 
40 
50 
00 
56 
30 

5  40 

6  07 
5  55 
5  50 
8  50 
5  40 
5    30 

45 


14 
14 
13 
14 
14 
13 
13 
15 
15 
15 
13 
15 


12 
14 
15 
14 
15 
17 


40 
50 
48 
37 
00 
30 
19  45 
L6    55 
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Point  of  obeerratioiL 


Station  84 

Ohio  Peak 

Mount  Owen 

Land's  £n<l , 

Station  40 

StaUon4S 

Lion  Peak 

Haeth  Ham  Peak 

North  Mesa 

Station  73 

Station  79 


Station  1 

Stations 

Veta  Honntains » 

Grajbaok  Monntaina 

Near  Garland 

BlancaPeak 

Near  Fort  Garland 

Near  Del  Norte 

North-west  Del  Norte 

Station  13 

PintadaPeak 

Sammit  District 

Summit  Peak 

Station  81 

Station  94 

Near  Wagon  THioelGap 

South  KiverPeak 

Station  30 

Station  31 

Antelope  Park 

Station  34 

Suiion  35 

Station  36 

Station  37., 

PagosaPeak 

Station  40. 

Station  43 

Station  46 

Station  47 

SUtionSO 

Mouth  of  Florida 

Station  5« 

Station  53 , 

Station  55 

Station  57 

Near  month  of  LosPinoe 

Station  60 

Station  61 

Stution6< 

Station  63 

Station  64 

StarionOS 

Station  68 

Station  67 

Station  68 

Station  70 

Station  71 

SUtion  73 

SUtion74 

SUtlon75 

Station  76 

Blackhead  Peak 

Station  79 ^ 

Station  80 

Station  82 

Station  85 

Conejos  Peak 

Stations? 

Station  91 

Sution99 

Brazos  Peak 

Station  94 , 

Station  95 . 

San  Antonio  Mountain v  — 

Prospect  Peak 

ChiquitaPeak >.. 

Station  lOS. 

Station  105 


4 

s 


38 
38 
38 
38 
38 
39 
39 
39 
39 
38 
38 

38 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

37 

36 

37 

37 

36 

37 

37 

37 

37 

37 

37 

37 

37 

3A 

37 

37 

37 

37 

36 

:i6 

36 
36 
36 
37 
37 
37 
37 


SO 
48 
55 
46 
53 
01 
05 
23 
06 
29 
36 


• 


04 

54 

35 

40 

29 

35 

25 

49 

45 

44 

29 

27 

21 

27 

40 

47 

35 

3G 

41 

46 

48 

38 

33 

30 

27 

23 

13 

17 

15 

12 

03 

57 

52 

42 

41 

49 

45 

46 

52 

58 

59 

02 

57 

02 

04 

48 

01 

04 

09 

10 

2!) 

17 

09 

04 

55 

09 

17 

12 

03 

55 

49 

45 

50 

52 

05 

21 

17 

12  1 


3 


Date. 


o   / 

107  30 

a07  03 

107  07 

107  32 

107  45 

107  46 

107  50 

107  53 

108  14 
107  17 
107  31 

104  44 

104  44 

105  09 
105  23 
105  20 
105  29 

105  25 

106  24 
106  35 
106  23 
106  21 
106  36 
106  43 
100  48 
106  38 
106  48 

106  59 
1U7  03 

107  07 
107  05 
107  06 
107  10 
107  14 
107  11 
107  04 
107  09 
107  09 
107  26  1 
1C7  35 
107  44 
107  52 
107  53 

107  50 

108  03 
107  5-2 
107  40 
106  55 
106  43 
106  46 
106  44 
106  58 

106  58 

107  07 
107  23 
107  26 
107  40 
107  12 
107  05 
107  01 
107  00 
106  56 
106  46 
106  53 
106  51 
106  36 
106  37 
106  34 
106  35 
106  19 
106  21 
106  23 
106  25 
106  17 
106  01 
106  10 
106  14 
105  48 
105  44 


1874. 

Ootobar 

...do ....... 

....do ....... 

....do . ..... 

>...do  ••..... 

R...QO  ....«« 

....do ...... 

....do  ......< 

....do ...... 

....do ...... 

....do 

1875. 
June....... 

....do ...... 


....do ....... 

....do  ...... 

....do ...... 

....do ...... 

....do ...... 

....do ...... 

....do ...... 

....do 

....do 

....do ...... 

....do  ...... 

July 

....do 

....do ...... 

....do  ...... 

....do ...... 

....do ...... 

....do 

....do  ...... 

....do 

....do  ...... 

....do ...... 

....do . ..... 

....do  ...... 

....do ...... 

....do ...... 

....do ...... 

....do ...... 

....do 

....do ...... 

....do ...... 

....do ...... 

....do 

....do 

do 

Anenst . . . . 

....do ...... 

....do ...... 

....do 

do 

....do ...... 

....do ...... 

....do 

....do  ...... 

....do ...... 

....do ...... 

....do 

....do ...... 

....do  ...... 

....do  ...... 

....do ...... 

....CIO  ...... 

....uO  ...... 

....do ...... 

...  .do ...... 

....do  ...... 

....do ...... 

....do  ...... 

....do ...... 

....do ...... 

....do ...... 

....do  ...... 

September. 
....do ...... 

..«<do  .•••.. 


I. 

P 


14 

18 
17 
20 
16 

14 
16 
96 
SO 
15 
17 


15 
05 
OS 
« 
15 


....do  .......|  5 


9 

16 

14 

11 

13 

S 

13 

31 

15 

35 

15 

OP 

14 

n 

14 

4B 

12 

48 

13 

91 

13 

» 

15 

n 

11 

t» 

15 

2B 

^3 

44 

17 

11 

16 

96 

14 

1^ 

16 

« 

17 

9 

15 

34 

17 

W 

13 

51 

14 

OS 

14 

M 

14 

SI 

13 

SI 

13 

ss 

14 

18 

13 

51 

13 

41 

14 

at 

13 

56 

14 

14 

15 

09 

16 

« 

14 

10 

16 

31 

13 

51 

14 

51 

10 

31 

13 

27 

13 

91 

13 

41 

13 

44 

13 

33 

13 

17 

13 

» 

13 

41 

14 

10 

14 

41 

13 

57 

13 

51 

14 

00 

13 

41 

15 

41 

19 

01 

IS 

S) 

24 

37 

14 

03 

13 

38 

13 

21 

13 

SB 

13 

OS 

Itf 

38 

14 

3i 

19 

37 

5 

00 

ynuoM.] 
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Pdnt  of  obeervatioiL 

6 

2 

4 
s 

J 

Date. 

g 

1^ 

• 
TTtePeA 

o      / 

36    57 
36    57 
36    47 
36    SO 
36    53 

36  50 

37  00 
37    04 
:n    O'i 
37    07 
37    13 
37    94 
37    93 
37    S3 
37    17 
37    16 
37    05 

36  50 

37  03 
37    09 
37    06 
37    03 
37    15 
37    15 
37    97 
37    47 
36    43 
36    46 
36    56 

36  57 

37  47 
36    51 
36    51 
36    48 

36  58 

37  05 
37    16 
37    17 
37    81 
37    17 
37    96 
37    84 
37    86 
37    13 
37    18 
37    89 
37    19 
37    10 
37    10 
36    48 
36    54 

36  58 

37  01 

38  11 
38    36 
38    4U 
38    48 
38    88 
38    30 
38    87 
38    11 
38    06 

38  06 
3ft    01 

37  57 

39  Oi 

38  54 

38  46 

39  01 
39    11 
39    15 
39    19 
39    93 
39    95 
39    36 
39    36 
89    84 

o       / 

105    41 
105    40 
105    30 
105    36 
105    90 
105    13 
105    17 
105    SO 
105    19 
105    It 
105    91 
105    10 
104    59 

104  59 

105  10 
105    03 
105    03 
105    03 
104    50 
104    45 
104    98 
104    87 
104    31 
104    44 

104  41 

105  09 
108    04 
108    84 
108    S3 
108    90 
108    33 
108    33 
108    4:} 
108    41 
108    55 
108    30 
108    14 
108    88 
108    45 

106  46 
108    SO 

108  56 

109  04 
109    10 
109    18 
109    80 
100    96 
109    94 
109    03 
109    10 
109    93 
109    11 
108    SO 
106    13 
108    99 
108    36 

108  37 
1U9    00 

109  11 
109    14 
106    41 
108    47 
108    59 
106    43 

108  84 

109  10 
109    15 
109    98 
109    19 
109    36 
109    33 
109    38 
109    86 
109    10 
108    55 
108    48 
108    35 

1675. 
September . . 

...do 

do 

....db 

....do  ....... 

....do ....... 

....do 

....do  ....... 

....do ....... 

....do 

....do 

— do 

....do  ..J.... 

....do 

....do 

do 

....do 

— do 

do 

October 

....do 

....do  ....... 

....do  ....... 

....do  ....... 

....do 

— do 

Jnly 

do 

do 

....do 

....do 

....do 

do 

do 

....do 

do •. 

....do 

— do 

....do 

do 

....do 

Anfl^dst 

flo 

....do 

— do 

....do 

do 

do 

....do 

do 

...  do 

....do 

..  .do . ...... 

1875 

o      / 
11    09 

TTle  Peek,  eut  aide 

13    58 

TflBftdoPeak '.l,.\/.ll. 

13    11 

Sui  Liiif  Valley , 

13    46 

StetionllO Z 

13    34 

flMMflftPfftk: .,  .x„......  XX 

15    18 

BmiwiMy  PMkIr , ^   ^^ 

13    39 

StatkmlU 

13    31 

SutionllS 

14    03 

ColebraPesk 

13    56 

SUtioBin 

14    07 

Stattooiao 

15    88 

WMft  ««r  ^panlfth  Pfak . 

14    83 

WiM(H|mnfnb  P«ak .. 

11    03 

THnehMT^PMlc.... 

13    51 

Station  193 

14    10 

8tetiool25 

14    15 

Station  19B 

14    00 

14    00 

14    00 

Piaber^BPeak 

83    47 

13    00 

8utk»l33 

18    48 

84    13 

Station  138 

13    56 

18    57 

Station  11 

13    44 

14    10 
13    3b 

Station  15 

13    30 

Station  17 ] 

13    54 

13    30 

StatkmSO 

14    10 

14    03 

Station  93.'.*..'.*.' I..'.'"  II.TII .' I.*I"."I.*.'.'*.'."..'.' 

14    05 

14    10 

Station  30...^ 

14    90 

13    55 

8ution36 

14    14 

16    40 

Station  30 

13    53 

14    80 

Station  41 

14    14 

14    30 

8Jetlon43.'..r...'r.*.."..'.II 

14    30 

15    50 

Sution45! '/.['. 

14    10 

14    15 

14    30 

Station  59 

15    00 

Station  54 

14    30 

13    05 

Station  56.. ..I..,'.. ..I 

13    50 

10    00 

Station  30 1 

....do  ....... 

....do 

....do  . ...... 

do 

....do 

....do 

1876 

16    03 

14    45 

Station  40 

6    30 

16    00 

Station  67 

16    15 

16    00 

StaUon  ..".''."ll'.'.ll.l 

14    00 

....do  ....... 

....do 

do 

do 

do 

do 

....do 

....do 

..-.do 

....do 

....do 

....do 

....do 

....do 

....do 

.-..do 

13    30 

sution  .*;"iii"r.ir.'i;'.i 

11    00 

14    40 

15    30 

15    00 

Station '.".""  r.7.".". fc 

16    00 

15    00 

Station '.11" I" "I.! :. 

16    80 

13    30 

Station  111111111111 

14    15 

15    00 

Station 

14    45 

16    30 

Station 

14    00 

14    40 

Station... ll.r 

15    55 

REPORT  OF  HENRY  GANNETT,  M.  E. 


LETTER  OP  TRANSMITTAL. 

Washington,  D.  C,  February  4, 1878, 

Sis  :  I  have  the  honor  to  transmit  to  you  herewith  a  short  report  on 
the  arable  and  pasture  lands  of  Colorado.  This  report  embodies  not 
only  the  reaalt  of  my  own  observations,  bat  those  of  all  other  members 
of  the  survey  who  have  assisted  in  the  geological  and  geographical  work 
in  this  State.  From  several  other  gentlemen,  citizens  of  Colorado,  I  have 
received  valaable  data.  Among  them  I  would  especially  mention  Mr. 
£.  S.  Nettleton,  G.  £.,  of  Pueblo;  Oapt.  E.  L.  Berthoud,  O.  E.,  Golden 
City ;  William  N.  Byers,  of  the  Denver  News,  and  Mr.  N.  C.  Meeker, 
of  the  Greeley  Tribune. 

Owing  to  the  fact  that  the  area  which  I  surveyed  daring  the  field- 
season  of  1876  ^i^as  in  detached  portions,  and  was  supplementary  to  the 
work  of  1875, 1  made  bat  one  report  on  the  work  of  those  two  years. 
This  report  appeared  in  the  annual  report  of  the  survey  for  1875. 
I  am,  very  respectfully,  yours, 

HEimr  GANNETT. 

Dr.  F.  V.  Hayden, 

United  States  Geologist 
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REPORT  ON  THE  ARABLE  AND  PASTURE  LANDS  OF  COLORADO, 


By  Henbt  Gannett,  M.  E 


CHAPTER  I. 

PHYSICAL  GEOGRAPHY. 

TOPOGEAPHY. 

The  area  of  Oolotado  is  IM^SOO  sqaoie  miles.  Of  ibis,  nearly  all  of  the 
eastern  lialf,  or  about  45,500  square  miles,  consists  of  plains;  the  middle 
portion,  eompiisingtibont  32,000  square  miles,  Is  mountain  country,  more 
or  less  ragged,  contsMuing  several  large  valleysi^  most  of  which  are  at  a 
considerable  elevation ;  while  the  western  portion,  or  17,000  square  miles, 
eoDsists  of  plateau  country. 

The  mean  height  of  the  State  above  the  sea  is  7,000  feet,  being  the 
highest  of  the  States  or  Territories.  The  lowest  part  of  the  State  is  at 
its  eastern  boundary,  where  it  is  little  above  3,000  feet,  while  the  high- 
est mountaia-summits  reach  altitudes  above  14,000  feet. 

The  areas  between  the  different  thousand-foot  contour-lines  are  given 
in  the  following  table: 

SqwHce  milec 

Bttween   3,000  aod  4,000  feet 9,000 

Between  4,000  and   6,000feet 21,800 

fietween   5,000  and   6,000feet 15,000 

Between   6,000  and   7,000  feet 10,000 

Between   7,000  and  8,000feet i.  11,000 

Between   tf ,000  and   9,000feet 14,000 

Between   9,000  and  10,000  feet 10,000 

Between  10,000  and  11,000  feet 0,800 

Between  11,000  and  12,000  feet * - 5,000 

Between  12,000  and  13,000  feet 1,400 

Above  13,000  feet 500 

The  general  slope  of  the  plains  is  towanl  thQ  eastward.  At  the  base 
of  the  mountains  they  are  from  5,000  to  7,500  feet  above  the  sea,  while  ut 
the  eastern  boundary  of  the  State  the  elevation  is  3,000  to  4,000  feet. 
Their  surface  is  rolling  or  undulating,  with  broad,  flat  valleys  and  low 
divides. 

The  plains  are  drained  by  the  South  Platte,  Republican,  and  Arkan- 
sas Bivers  with  their  branches.  The  first  and  last  have  their  sources  in 
the  mountains  in  many  streams,  which  unite  in  the  plains.  The  other 
stream  rises  and  has  its  course  entirely  in  the  plains. 

From  the  foot  of  the  mountains,  in  latitude  39^,  an  elevated  swell  in 
the  plains  in  the  form  of  a  flat,  broad  ridge,  runs  eastward,  separating 
the  drainage  of  the  Arkansas  from  that  of  the  South  Platte.  This, 
known  as  '*The  Divide,"  or  "The  Arkansas  Divide,''i8  about  7,500  feet 
in  elevation,  but  decreases  in  height  eastward*  Northward,  the  plains  at 
the  foot  of  the  mountains  slope  gently  down  to  a  mean  elevation  of  be- 
tween 5,000  and  0,000  feet.  Southward  the  slope  is  more  rapid,  reach- 
ing a  height  of  5,000  feet  at  the  debouchure  of  the  Arkansas  from  the 
mountains;  thence  the  general  level  rises  again,  and  keeps  a  mean  ele- 
vation not  far  from  5,500  feet  to  the  southern  boundary  of  the  State. 

With  the  exception  of  a  few  groups  of  eruptive  mountains,  the  whole 
mountain  area  is  made  up  of  a  succession  of  parallel  ranges  and  valleys, 
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having  the  normal  Rocky  Mountain  trend,  that  is,  DO^  or  3(P  east  of 
8oath  and  west  of  north.  The  coarses  of  the  streams  belong  to  one  of 
three  systems:  lst»  Those  flowing  nearly  east  or  west.  These  are,  in  all 
easeSf  the  larger  streams,  and  their  ooarses,  utterly  disregarding,  as  they 
do,  the  trend  of  the  ranges,  indicate  that  they  preceded  the  uplift  of  the 
latter,  and  their  direetioDSshow  the  prevailing  slopes  of  the  land  in  those 
earlier  times.  Bivers  live  longer  than  mountains.  The  courses  of  this 
class  of  streams,  known  a»  ^  auteeedent  drainage,''  being  in  most  cases 
transverse  to  the  ridges  i^nd  valleys,  we  find  them  alternately  and  for 
short  distances  only,  in  open  valley  and  in  close  caiion.  Of  this  dan 
are  the  two  forks  of  the  Platte,  the  Arkansas,  the  San  Juan,  the  Giio^ 
nison,  Grand,  White,  Yampa,  and  perhaps  the  Bio  Grande.  The 
extreme  Jieads^  of  these  streams  belong  plainly,  however,  to  the  second 
class.  This  comprises  all  streams  whose  courses  are  parallel  to  the 
ranges  and  are  direct  results  of  their  uplift.  The  class  includes  most 
second-rate  streams,  nearly  ail  of  which  have  courses  parallel  to  the 
ranges.  Their  courses  are  in  valleys  of  more  or  less  width,  seldom  in 
canon.    This  class  is  known  as  ^^  consequent  drainage." 

The  third  class,  the  '^  superimposed  drainage,"  comprises  all  streams 
flowing  down  the  slopes  of  the  ranges,  with  courses,  generally  speaking, 
at  right  angles  to  their  tread. 

In  this  State  these  three  classes  of  water-courses  are  very  strongly 
marked,  and  do  not  merge  into  one  another,  except  in  the  case  of 
antecedent  streams  heading  in  consequent  streams,  which  is,  of  course, 
to  be  expected.  An  antecedent  stream  does  not,  in  any  case,  t)ecome  a 
consequent  stream  farther  down  its  course.  The  greater  part  by  far 
of  the  agricultural  land  in  the  mountain  area  of  Colorado  is  in  the  val- 
leys of  consequent  streams. 

Bising  quite  abruptly  from  the  western  border  of  the  plains  is  a  sac- 
cession  of  mountain  ranges  placed  en  ecJielon^  so  as  to  present  an  almost 
unbroken  front  to  the  plains  from  the  northern  to  the  southern  bound* 
ary  of  the  State.  "The  northernmost  of  these  ranges  extends  from  n^ar 
Long's  Peak  northward  into  Wyoming.  It  is  known  as  the  Laramie 
Bange,  or  the  Black  Hills  of  Wyoming.  South  of  this  is  the  Colorado  or 
Front  Bange,  which  overlooks  the  plains  from  Long's  Peak  southward  to 
the  debouchure  of  the  Arkansas  from  the  mountAiins,  and  farther  south- 
ward the  front  rank  of  the  Bocky  Mountains  is  formed  by  the  Sangre  de 
Cristo  Bange,  with,  for  a  short  distance,  the  Wet  or  Greenhorn  Mount- 
ains as  a  skirmish-line.  West  of  this  chain  of  ranges  lies  a  succession 
(from  north  to  south)  of  high,  broad  mountain  valleys,  separated  from 
one  another  by  groups  of  eruptive  mountains  or  mases  of  hills.  These 
valleys  are  known  as  the  North,  Middle,  South,  and  San  Luis  Parks. 
West  of  these  valleys  is  another  succession  of  ranges.  The  most  north- 
em  of  these,  the  Park  Bange,  forms  the  western  wall  of  the  three  north- 
ernmost of  the  parks ;  and,  west  of  North  and  Middle  Parks,  it  is  the  last 
range,  the  country  to  the  westward  consisting  of  a  succession  of  broken 
plateaus,  gradually  lessening  in  elevation  as  we  trace  them  westward. 

West  of  South  Park  and  tixe  Park  Bange  lies  the  consequent  valley 
of  the  Upper  Arkansas,  and  around  the  southern  end  of  this  range, 
through  the  broken  hills  which  succeed  it,  the  river  finds  its  way  to  the 
plains.  Beyond  the  Valley  of  the  Upper  Arkansas  rises  the  Sawatch 
Bange,  and  this  is  succeeded  by  the  parallel  ranges  and  irregular  masses 
of  the  Elk  Mountains. 

The  San  Luis  Valley  is  limited  on  the  west  by  the  great  mass  of  the 
San  Juan  Mountains,  an  immense,  rugged  nucleus,  from  which  radiate 
in  all  directions  heavy,  long  spurs,  many  of  which  are  of  sufficient  im- 
portance to  merit  the  name  of  ranges. 
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West  of  Ibis  and  the  Elk  fountains  a  brokeu  expanse  of  deiiert  plMt- 
teaas,  arid  and  waterless,  stretohes  toward  the  setting  son  farther  than 
the  eye  can  reach. 

The  total  ^idth  of  the  mountain  district  in  the  latitude  of  Middle 
Park  is  75  miles;  in  the  latitude  of  South  Pork,  to  the  western  extrem- 
ity of  the  £}lk  Mountains,  is  150  miles ;  and  farther  south,  across  San 
Lais  Valley  aod  the  San  Juan  Mountains,  it  is  even  broader,  being  about 
180  miles. 

OLDCATK. 

The  climate  of  Colorado  is  characterized  by  great  dryness  of  the  atmos- 
phere, slight  rain-fall,  and  that  in  sadden,  short,  showers,  during  which 
it  seems  as  if  the  heavens  were  opened ;  extremes  in  temperature,  very 
low  in  winter  and  high  in  summer,  hot  in  the  day  and  cool  at  night,  and 
subject  to  very  sudden  and  great  changes.  The  direct  heat  of  the  sun's 
rays  is  tery  great.  Very  high  winds  and  <'  dust-storms  "  are  of  frequent 
occurrence.     The  prevailing  winds  are  from  the  northwest  and  west. 

The  rain- fall  is  of  so  variable  and  explosive  a  character,  that  it  can  be 
depeudefl  on  for  little,  except  to  do  damage.  The  following  table, 
mi^e  up  from  Smithsonian  Oontributions  and  the  reports  of  the  Signal 
Bureau,  althoogb  very  meagre,  will  give  an  idea  of  the  amount  of  the 
natural  watering  which  this  State  receives : 

Table  of  monthly  and  tuinual  rain-fall. 
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Of  these.  Forts  Lyon  and  Morgan  are  well  out  in  the  plains,  far  from 
the  immediate  influence  of  the  mountains.  Oheyenne,  Denver,  and  Colo- 
rado Springs  and  Golden  Oity  are  near  the  edge  of  the  plains,  just  at 
the  foot  of  the  mountains.  Forts  Massachusetts  and  Garland  were 
located  (the  former  has  long  been  abandoned)  on  the  eastern  side  of  the 
Ban  Lais  Valley  but  a  few  miles  apart.  The  former  was  nearer  the 
mountains,  and  at  a  greater  elevation  than  the  latter.  The  very  marked 
increase  iu  rainfall,  owing  to  the  slightly  different  topographical  situa- 
tion, will  be  noted.  Montgomery  and  Mountain  City  are  iu  high  mount- 
ain valleys,  closely  hemmed  in  by  high,  rugged  ranges. 
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As  was  stated  above,  nearly  all  of  this  taiQ-foU  is  in  the  form  of  sad- 
den i^owers,  of  short  duration,  and  of  small  extent.  Owing  mainly  to 
this  last  feature,  the  aunnal  rain-fiiU  will  be  found  to  diA^r  very  ma* 
terially  eveo  between  points  but  a  few  miles  apart.  This  is  especially 
the  ease  among  the  moantainSy  where  all  the  olimatic  conditions  are 
modified  very  maoh  by  local  topography. 

Proceeding  westward  over  the  plains,  the  rain*fall  is  eeen  to  decrease 
in  amoant  and  become  more  variable  in  character.  Entering  the  mount- 
ains, the  precipitation  is  noticed  to  increase  in  quantity,  still,  however, 
preserving  its  character.  The  winter  precipitation  is  husbanded  in  the 
iorm  of  snow,  which,  in  the  late  spring  and  early  summer,  melts  and, 
swelling  the  streams,  is  utilized  for  irrigation*  The  mountains  thus 
play,  in  a  measure,  the  part  of  reservoirs. 

Farther  west,  on  the  lower  plateaus,  the  rain-fall  is  reduced  to  a  mioi- 
mum,  and  the  country  presents  all  t^e  aspects  of  a  desert. 
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Of  these  stations,  the  first  seven  are  sitaated  in  the  plains;  Cheyenne, 
Denver,  and  Oolorado  Springs  are,  however,  within  a  very  few  miles  of 
the  foot-hills.  -Ca&on  City  is  in  a  well-sheltered  bay  in  the  moantains, 
hot  open  to  the  plains.  Its  temperature  is  abnormally  high.  Of  tbe 
other  stations  Golden  City  is  immediately  under  the  foot-hills.  Fair 
Play,  I1O8  Pinos  agency,  Montgomery,  Fort  Qarland,  Central  City,  Mount 
Lincoln,  and  Pik^s  Peak  are  in  the  mountains.  Parrott  City  is  at  tbe 
southwest  foot  of  the  San  Juan  Group,  while  the  White  Biver  agency 
is  in  the  plateau  region. 

Of^the  mountain  stations,  Fair  Play  is  situated  in  the  northwestern 
comer  of  South  Park,  under  high  mountains  on  the  north  and  west. 
Montgomery  is  at  the  extreme  head  of  the  South  Platte,  about  12  mUes 
north  of  the  latter  station,  in  a  closely  encircled  mountain  valley.  The 
Los  Pinos  agency  is  in  a  broken  country,  between  the  Sawatch  and  San 
Juan  Banges.  Fort  Garland  is  situated  on  the  eastern  side  of  San  Luis 
Yalley,  with  high  mountains  on  the  north  and  east  Central  City  is  in 
a  narrow  mountain  valley.  Pike's  Peak  and  Mount  Lincoln  are  among 
the  highest  peaks  in  the  State. 

Tcible  of  mean  relative  humidities. 
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There  is  a  generally  increasing  dryness  of  the  atmosphere  as  well  as 
decrease  in  tbe  rainfall  as  we  proceed  westward. 


CHAPTER  II. 


ESTIMATED  DISTEIBUTIOIT  OP  ARABLE  Aim  OTHER  LANDS 

IN  COLORADO. 

From  estimates  based  on  the  amoant  of  land  suitably  situated  for 
irrigatioD,  the  amount  of  water  available  for  this  purpose,  and  tbe 
character  of  tbe  soil,  it  is  estimated  that  in  all  Colorado  there  are  7,323 
square  miles,  or  4,686,720  acres  of  tillable  land.  There  is  water  enough 
to  irrigate  this  area  without  tlie  employment  of  reservoirs.  This  is 
7  per  cent,  of  the  whole  area. 

Besides  this,  55,000  square  miles,  or  52.6  percent.,is  valnaUe  as  pasture 
land.  This,  however,  is  of  very  variable  quality  in  differeat  localities, 
grading  into  ^ge-brush  (arteroesia)  and  other  brush  barrens  in  such  a 
manner  that  only  an  arbitrary  line  can  be  drawn  between  pasture  and 
worthless  lands. 

The  area  covered  by. spruce  and  pine  timber  is  19.1  per  cent  or 
20,000  square  miles ;  that  covered  by  quaking  aspens  {Populm  trmt- 
(aides)^  pifion  pine,  and  the  low,  scrubby  cedar  so  characteristic  of  tbe 
arid  plateaus^  is  13,500  square  miles  or  13.0  per  cent.,  while  0.3  per  cent 
or  6,565  square  miles  may  be  classed  as  barren ; — worthless,  unless  im- 
mense  works  be  undertaken  to  reclaim  it. 

These  areas  are  distributed  as  follows  in  the  three  districts  of  the 
State :  The  plains^  with  the  exception  of  the  arable  areas  along  the 
streams  and  the  Pinery  on  the  Arkansas  divide,  are  grazing  laud 
There  isno'timber,  except  that  mentioned  above  and  scattering  cotton- 
woods,  in  the  bottom-lands.  The  grasses  are  mainly  the  nutritious  buf- 
falo and  grama  grasses.  Cacti  and  sage  flourish  to  some  extent,  aud 
the  Spanish  bayonet  is  not  unfreqnently  met. 

The  mountain  region  is  pre-eminently  the  timbered  region.  Areas  of 
arable  land  are,  with  few  exceptions,  of  limits  extent,  being  found 
only  in  small  patches.  Grazing  land,  though  of  greater  extent,  is  also 
scattered  about  in  small  areas,  while  everywhere  the  principal  growth 
is  timber,  and  that  mainly  of  the  heavy  spruce  and  pine.  The  inferior 
limit  of  this  growth  ranges  about  8,000  feet,  giving  place  below  this  ele- 
vation to  pifion  pine,  or,  in  moister  localities,  to  the  quaking  aspen.  lU 
superior  limit  is  the  '^  timber-line,"  which,  in  Colorado,  ranges  between 
11,000  and  12,000  feet  above  sealevel,  depending  mainly  on  the  lati- 
tude. 

The  plateau  region  consists  principally  of  flat  or  sloping  mesas,  cov- 
ered with,  according  to  their  elevation,  spruce  and  pine,  qnakiog  aspens, 
piiion  pine,  cedar,  sage,  sand,  or  bare  rock.  As  their  elevation  decreases 
westward,  so  their  aridity  increases  and  the  value  of  their  natural  pro- 
ductions becomes  less.  This  region  contains  several  large  valleys,  sus- 
ceptible of  irrigation  in  whole  or  in  part.  In  this  part  of  the  Stato 
there  is  very  little  grazing  land,  except  on  those  high  plateaus  wherein 
would  not  be  possible  to  winter  stock. 
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GENERAL  CONSIDERATIONS. 

For  snocessfnl  agricnltare  there  are  neoeasary :  a  fertile  soil,  level 
Bnrface,  a  sufficiently  mild  temperatare,  and  the  proper  Pimoant  of  moist- 
ure. 

Id  Colorado,  the  first  two  of  these  conditions  are  falfllled  over  a  great 
area,  probably  two-thirds  of  the  State.  The  third  of  these  conditions 
diminishes  this  amonnt  very  considerably,  as  many  fine  moantain  val- 
leys are  from  their  great  altitude  too  cold  to  be  useful  as  agricultural 
land,  while  the  introduction  of  the  last  condition  limits  the  arable  land 
to  a  comparatively  small  amonnt. 

The  aridity  of  the  atmosphere  is  so  great  and  the  rain-fall  so  light,  so 
variable,  and  so  sudden  in  its  character,  that,  practically,  imgation  is 
nniversally  depended  on,  and  is  almost  as  much  a  matter  of  course  as  the 
sowingof  the  seed.  There  are  small  areas,  as  in  the  Wet  Mountain  Val- 
ley, where,  from  pqrely  local  causes,  the  rainfall  is  sufflci^it  to  obviate 
the  necessity  for  irrigation,  bnt  these  are  of  small  importance. 

Another  premise  which  holds  good  in  nearly  all  cases,  is  that  all  irri- 
gable land  is  cultivable,  if  not  too  high.  The  native  products  of  the 
soil  afford  little  indication  of  its  barrenness  or  fertility.  Because  a  soil 
naturally  produces  only  sage  and  cacti,  it  by  no  means  follows  that  only 
sage  and  cacti  can  be  produced.  To  condemn  the  country  because, 
under  the  natural  conditions,  it  does  not  produce  useful  grasses,  timber, 
&c,  or  even  because  it  has  all  the  appearance  of  a  desert  waste,  is  as 
nareasonable  as  to  ex^iect  a  tract  of  high  land  to  produce  cranberries. 

Numberless  proofs  of  the  fact  that  the  soil  of  what  has  been  called 
desert  is  rich  In  the  elements  of  fertility  may  be  adduced.  Salt  Lake 
Valley  was  as  unpromising  as  the  "  Great  American  Desert,''  Green  River 
Basin,  before  the  Mormons  attacked  it,  but  the  application  of  water  has 
made  it  one  of  the  most  fertile  regions  in  the  country.  At  Saint  George, 
in  Southern  Utah,  the  victory  over  Dame  Nature  has  been  even  more 
aignal.  Exception  to  this  must  be  made  in  the  case  of  land  which  is 
strongly  alkaline.  Unless  this  alkali  be  washed  out,  the  land  is  valueless, 
and  at  present,  and  for  many  years  to  come,  when  good  land  may  be 
«hnd  almost  tbr  the  asking,  there  is  no  necessity  for  reclaiming  this  land. 
But  the  area  of  land  in  Colorado  which  is  too  strongly  alkaline  for  use 
in  agriculture  is  very  small. 

In  the  plains  and  the  San  Luis  Valley,  the  only  limit  to  the  amount 
of  arable  land  is  set  by  the  supply  of  water.  All  the  water  supplied  to 
them  by  the  South  Platte,  the  Arkansas,  the  Bio  Gmnde,  ^nd  their 
numerous  branches,  can  be  used,  and  still  there  will  be  great  areas 
waiting  the  magic  touch  of  water  to  be  covered  with  verdure.  By  hus- 
banding in  reservoirs  the  enormous  supplies  of  this  liquid  which  run  to 
waste  at  the  time  of  the  June  floods,  which  can  be  done  in  most  cases  at 
no  very  great  expense,  the  amonnt  of  arable  land  can  be  immensely  in- 
creased. At  present,  however,  there  is  no  need  of  undertaking  such 
works  as  these. 

In  the  mountains,  the  areas  of  level  land  so  situated  as  to  be  irrigable 
are  not  in  general  sufficient  to  require  all  the  water  which  is  directly 
available,  and  in  the  plateau  region  the  amount  of  irrigable  land  is,  if 
anything,  still  less  in  proportion  to  the  amount  of  water  available. 

An  important  factor  to  be  considered  in  connection  with  the  question 
of  arable  lands  is  the  elevation.  This  sets  immovable  barriers  to  the 
growth  of  certain  crops.  A  few  facts  regarding  the  upper  limits  of  cer- 
tain grains  and  vegetablies  have  been  collected.  Mr.  Byers,  of  Denver, 
editor  Bocky  Mountain  News,  says :  '<  Wheat,  barley,  oats,  potatoeS| 
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turuips,  peas,  and  the  hardier  garden  vegetables,  are^safe  crops  at  any 
elevation  under  7,500  feet.  Potatoes  and  tnrnips  generally  do  well  op 
to  9,000  feet.  Wheat  grows  splendidly  at  as  high  an  elevation  as  9,000 
feet,  bat  above  7,500  feet  it  is  a  hazanions  crop,  liable  to  be  injured  by 
early  frosts  or  snow.  Oats  grow  well  up  to  9,000  feet,  bat  generally  do 
not  ripen  at  this  elevation.'' 

Mr.  E.  L.  Berthoud,  0.  B.,  of  Golden  Oity^  Colo.,  writes  me  as  fol- 
lows on  this  sabject :  ^^  Turnips  grow  and  yield  well  up  to  9,200  feet. 
Potatoes  grow,  but  yield  only  &irly  up  to  9,200  feet,  and  at  9,000  feet  the 
tops  get  frosted.  Wheat  does  not  ripen  above  7,500  feet  Barley  and 
oats  scarcely  ripen,  and  only  in  exceptional  seasons,  above  8,200  feet. 
Corn  does  not  ripen  above  5,700  feet  Wild  grapes  grow  well  up  to 
6,000  feet ;  cultivated  grapes  up  to  5,800  feet  Pear-trees  do  well  np 
to  5,750  feet  'Buckwheat  is  so  uncertain  that  it  is  not  possible  to  give 
certain  data  as  to  altitude,  but  some  has  been  raised  at  7,400  feet 
Except  on  the  Arkansas  River,  Bio  Grande,  and  lower  Fontaine  qoi 
Bonille,  corn  is  no  crop  in  Colorado  east  of  the  (continental)  divide." 

These  figures  are  liable  to  slight  modifications  from  the  inflqenee  of 
latitude  and  local  causes,  but  in  general  they  are  correct. 

AMOimr  OF  WATER  USED  IN  IBBIOATION. 

• 

The  quantity  of  water  applied  by  irrigation  to  various  crops  ranges 
within  very  wide  limits  in  different  parts  of  the  earth.  The  require- 
ments of  the  crops  differ  with  the  character  of  the  season,  whether  wet- 
or  dry,  and  with  the  nature  of  the  soil,  whether  clayey  or  sandy,  &c 

An  ^'  inch  of  water"  to  the  acre  is  a  very  common  allowance  in  the 
State.  An  inch  of  water  is  the  amount  which  will  flow  through  au 
aperture  1  square  inch  in  section  in  the  course  of  a  season;  an  amoonl 
which,  of  course,  varies  with  the  pressure  from  head  or  velocity. 

In  reference  to  this  subject,  Mr.  E.  S.  Nettleton,  of  Pueblo,  Colorado, 
has  written  me  as  follows:  ^^It  is  impossible  to  give  any  rule  for  the 
quantity  of  water  required  to  irrigate  crops  of  different  kinds.  Laod 
that  has  been  irrigated  for  several  years  requires  less  water  than  new 
land.  Clay  lands  require  less  than  sandy  lands.  Very  level  land  takes 
more  water  than  sloping  or  rolling  lands.  *  *  •  Crops  which  are 
sown  broadcast  require  more  water  than  those  sown  in  drills  or  planted 
in  rows.  Early  sown  or  planted  crops,  as  a  general  thing,  require  less 
water  than  those  sown  or  planted  late.  It  is  considered  economical  to 
irrigate  iu  the  latter  part  of  the  day  or  evening,  especially  in  hot  weather. 
Corn  requires  less  water  than  almost  any  other  crop,  especially  the  Mex- 
ican variety.  Oats  and  grass  require  the  most  An  inch  of  water  to 
the  acre  is  the  rule  of  some.  This  may  be  half  enough  in  some  io- 
stances,  in  others  it  may  be  double  or  even  three  times  the  quantity  re- 
quired.'^ 

In  regard  to  this  question,  Marsh,  in  his  ^^Man  and  Nature,"  page  377, 
et  seq.^  says:  ^^As  near  as  can  be  ascertained,  the  amount  of  water  ap- 
plied to  irrigated  lands  is  scarcely  anywhere  less  than  the  total  precipi- 
tation during  the  season  of  vegetable  growth,  and  in  general  it  much 
exceeds  that  quantity.  In  grass  grounds  and  in  field^culture  it  ranges 
from  27  or  28  to  60  inches,  while  in  smaller  crops,  tilled  by  hand-labor,  it  is 
sometimes  carried  as  high  as  300  inches,"  and  adds,  in  a  foot-note,  qnotiog 
from  !Niel,  ^^  Agriculture  des  Etats  Sardes,"  ^^  that  the  practice  in  Looi* 
bardy  is  to  give  the  equivalent  of  32  inches  of  precipitation  in  100  days, 
that  being  the  estimated  length  of  the  irrigating  season  |"  and  that  in 
Germany,  quoting  flrom  Boussingault,    ^'Economie  Bural<^,"  <<  Gross 
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IgiODods  ongbt  to  receive  200  iDcbes  of  water,  or  ^ix  times  tbe  total 
lamoant  of  precipitation,  dariDg  the  growing  season."  In  Egypt  ("Main 
land  Nature,"  page  380)  aboat  17^  incbes,  applied  during  150  da^^s,  suf- 
fice. The  report  of  the  Commissioner  of  Agriculture .  for  1871  gives 
(page  280)  the  amount  of  water  applied  in  France,  from  tbe  Marseilles 
Caoal,  as  one  cubic  foot  per  second  for  70  acres.  This  is  equivalent  to 
an  annual  precipitation  of  122.4  inches. 

In  the  same  report  tbe  following  facts  regarding  tbe  usage  in  Italy 
are  given.  For  rice  lands  tbe  equivalent  of  16.2  incbes  per  month,  or  of 
an  annual  precipitation  of  1944  inches  is  used ;  for  summer  meadows, 
7.2  inches  per  month,  or  86.4  per  year^  for  maize,  2.4  per  month,  or  28.8 
per  year. 

In  the  sab-Himalayan  districts  tbe  practice  is  to  allow  one  cubic  foot 
})er  second  for  218  acres,  and  this  is  very  nearly  tbe  result  to  which 
Marsh  arrives.  (See  report  U.  8.  Geol.  Survey,  1870,  page  260.)  This 
js  eqnivtdent  to  an  annual  precipitation  of  39.36  inches.  This,  however, 
is  £b^  below  tbe  amount  used  in  tbe  West  at  present,  but  I  have  no  defi- 
nite comparable  data  on  the  subject. 

This  allowance  of  water  takes  into  account  roughly  the  amount  wasted 
by  evaporation  and  absorption  by  the  bottom  and  sides  of  the  ditches; 
an  amount  which,  of  course,  differs  in  every  case,  and  of  which  no  cer- 
tain estimate  can  be  made. 

Tbe  rainfall  is  of  so  uncertain,  variable,  and  sudden  a  nature,  that  I 
do  not  consider  it  best  to  take  it  into  account  in  making  estimates  of 
arable  land ;  particularly  as  tbe  amount  of  water  allowed  is,  as  stated 
above,  much  below  tbe  practice  at  present,  and  as,  itk  some  localities, 
the  rain-fall  may,  in  any  year,  be  absolutely  notbing. 

In  a  "  Report  on  tbe  Irrigation  of  tbe  San  Joaquin,  Tulare,  and  Sac- 
sramento  Valleys  of  California,"  tbe  following  facts  concerning  the  amount 
of  water  per  acre  are  given  :  Tbe  commissioners  estimate  that,  on  an 
average  of  crops  and  soils,  one  cubic  foot  per  second  will  irrigate  200 
acres,  and  quote  the  following  statements:  ^'In  North  India  one  cubic 
foot  per  second  irrigates  five  acres  per  day.  Taking  the  interval  of 
irrigation  at  40  days,  we  have  the  duty  of  200  acres  for  one  foot  a  second, 
lor  cereals.  In  Grenada,  a  canal  for  the  Genii  irrigates  of  wheat,  barley, 
and  vines,  240  acres  per  cubic  foot.  In  Valencia,  •  •  •  about  200 
acres  per  foot.  In  Elcbe,  where  water  is  very  scarce,  a  cubic  foot  goes 
BO  far  as  to  irrigate  1,000  acres.  *  •  •  Bice  fields  in  different  parts 
of  the  earth  vary  from  30  to  60  or  even  80  acres  to  the  cubic  foot.  In 
the  heavy  monsoons  of  India,  90  acres  per  foot  is  irrigated.  •  •  • 
Tbe  grants  for  six  recent  canals  in  Spain  run  from  70  to  260  acres  per 
cubic  foot.'' 

PBOPEB  SEASON  FOB  OAUGMNa  STBEAMS. 

0 

Before  giving  any  facts  regarding  the  amount  of  tbe  discharge  of 

'Streams,  with  relation  to  their  irrigating  capacity,  I  wish  to  call  atten- 

tion  to  the  tBLCt  that  these  measurements  amount  to  very  little,  except 

as  very  general  indications.    The  volume  of  water  carried  to-day  is 

Jittle  indication  of  what  it  may  be  to-morrow.    A  heavy  shower  or  a 

[urarm  day  in  tbe  mountains  may  temporarily  double  the  discharge.    At 

he  time  of  tbe  spring  floods,  in  June,  tbe  amount  discharged  may  be 

Ave,  ten,  or  even  twenty  times  that  sent  dow^  in  November,  when  the 

^iBtreams  are  at  their  lowest. 

The  proper  time  for  ganging,  with  reference  to  the  irrigating  capacity 
x>f  tbe  stream,  is  at  the  end  of  July  or  early  in  August,  about  the  close 

21  a 
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of  the  irrigating  season.  Moreover,  to  obtain  a  result  from  which  it 
woald  be  safe  to  draw  definite  conclusions,  the  season  shoald  have  beeq 
a  dry  one  (for  it  is  with  the  minimnm  supply  of  rain  that  we  have  to 
deal),  and  the  normal  regimen  of  the  streams  shoald  not  have  been 
recently  disturbed  by  rains.  In  our  work,  it  is  not  possible  to  cbooae 
the  time  and  conditions  for  making  these  measurements ;  but  soeh 
measurements  as  we  have  made  and  collected  will  serve  to  give  a  roagb 
approximation  to  the  irrigating  power  of  all  the  principal  streanis. 


CHAPTER     III. 


CULTIVABLE   AREAS   OP    COLORADO. 

THE  NORTH  PLATTE  DBAINAaE  AREA. 

The  Platte,  or  Shallow  River,  as  the  name  was  rendered  in  English 
in  the  earlier  days,  drains  the  eastern  slopes  of  the  Rocky  Mountains, 
from  the  forty-third  to  the  thirty-eighth  parallel  of  north  lalitade.  Its 
branches  head  opposite  to  those  of  the  Colorado  and  interlace  with  the 
head  of  the  Arkansas. 

Id  latitnde  41^,  lon^itnde  101^,  it  divides  into  two  branches,  known  as 
the  North  and  South  Platte.  The  former  drains  the  JSTorth  Park,  Laramie 
Plains,  the  Laramie  and  Medicine  Bow  Ranges,  and  the  northern  part 
of  the  Park  Range.  Its  course  is  very  devious.  Heading  in  the  North 
Park,  it  collects  its  waters  from  all  sides  of  this  mountain-locked  basin, 
fjmerging  from  the  park  on  the  north,  it  pursues  a  course  nearly  north 
to  its  junction  with  the  Sweetwater,  in  latitude  42^  2(y,  where  it  turns 
abraptly  to  the  eastward,  and  after  pursuing  a  course  nearly  east  for  a 
long  distance,  past  the  northern  extremity  of  the  Laramie  Range,  it 
bears  gradually  southward  and  pursues  a  course  generally  somewhat 
sonth  of  east  to  its  junction  with  the  South  Platte.  Its  drainage  area 
vithin  the  limits  of  Colorado  is  but  2,000  square  miles,  and  consists  of 
a  part  of  North  Park  and  the  surrounding  mountains.  North  Park  is 
one  of  those  high  mountain  valleys  which  form  so  characteristic  a  fea- 
ture in  Colorado  topography.  It  is  in  shape  nearly  elliptical,  its  longer 
diameter  lying  nearly  north  and  south  and  35  miles  in  length.  Its  area 
is  914  square  miles.  The  surface  is  very  level,  and  in  certain  parts 
swampy.  Its  elevation,  7,500  to  7,700  feet  above  sea-level,  together  with 
the  latitnde,  preclude  the  possibility  of  its  being  used  to  any  extent  as 
an  agricultural  area,  and  the  same  causes  make  it  risky  to  attempt  to 
winter  stock  there  without  hay  and  shelter.  As  a  summer  range  it  is 
unexcelled,  as  its  native  product  is  mainly  bunchgrass,  which  grows 
luxuriantly.  The  arable  area  of  the  park  is  estimated  at  232  square 
miles,  while  the  remainder  of  the  area  of  the  park,  682  square  miles,  is 
available,  as  was  stated  above,  as  pasturage  in  summer. 

■ 

DSAINAGE  AREA  OF  THE  SOUTH  PLATTE. 

The  South  Platte  drains  the  Sonth  Park  and  the  Front  Bange  from 
latitnde  39^  to  the  northern  boundary  of  the  State.  Its  drainage  area 
within  the  State  is  20,800  square  miles,  and  this  is  nearly  all  of  its  entire 
drainage  area.  The  extreme  head  of  this  stream  is  directly  under  Mount 
Lincoln,  in  the  northwestern  corner  of  South  Park.  Its  general  course 
acros^the  park  is  southeasterly,  as  are  those  of  its  principal  branches 
in  the  Park,  High  Creek,  the  Little  Platte,  Trout  Creek,  and  Tarryall 
Creek.  All  these  enter  the  main  stream  within  the  Park,  except  the  last, 
which  joins  it  in  the  canon,  below  its  exit  from  the  Park.    The  South 
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Platte  leaves  the  Park  near  its  soatheast  corner,  catting  a  caiion  several 
miles  long  throngh  the  Pama  Hills,  ^hicb  form  the  eastern  wall  at  this 
place.  Its  coarse  in  this  caiion  is  nearly  northeast,  changing  to  a  coarse 
slightly  east  of  north,  which  it  holds  not  only  antil  it  clears  the  mount* 
ains,  bat  as  far  as  Greeley,  at  the  mouth  of  the  Cache  la  Poadre,  in  the 
plains.  From  the  head  of  its  caiion,  where  it  leaves  the  South  Park, 
to  its  emergence  on  the  plains  is  a  distance  of  50  miles.  In  this  part  of 
its  coarse  it  cats  diagonally  across  the  whole  breadth  of  the  Front 
Bange,  here  very  broad,  bat  broken  up  into  a  confasion  of  spurs  and 
ridges  that  defy  classification.  Its  course  is  alternately  in  caiion  and 
narrow  valley,  the  former  predominating.  In  this  part  of  its  course  it 
receives  several  good-sized  branches — ^Tarryall  Greek,  which  drains  the 
northeastern  part  of  South  Park,  Lost  Park  Greek,  which  collects  the 
waters  of  a  high,  isolated  mountain  valley,  and  the  I^orth  Fork  of  the 
South  Platte,  which  flows  throngh  a  long,  narrow  canon-valley.  TbeM 
streams  come  in  from  the  westward.  From  the  other  side  the  principal 
affluent  is  Trout  Greek,  which  collects  the  drainage  of  Bergen  and  Hay- 
den  Parks,  interior  valleys  of  the  Front  Range.  Its  principal  affluents, 
which  head  in  the  Front  Kange  and  enter  it  in  the  plains,  are  as  follows: 
Bear  Greek,  with  its  branch,  Turkey  Greek ;  Glear  Greek,  of  which  Bals- 
ton  Greek  is  a  tributary;  Saint  Yrain's  Greek,  which,  in  the  mountains, 
divides  into  Goal,  North  and  South  Boulder,  Left  Hand,  Jim,  and  the 
North  and  South  Saint  Yrain's  Greeks }  the  Thompsons,  Big  and  Little, 
and  the  Gache  la  Poudre. 

At  the  mouth  of  the  Gache  la  Poudre  the  South  Platte  turns  abruptly 
to  the  east,  and,  after  holding  this  course  to  longitude  103<^  3(K,  it  tnms 
nearly  east-northeast,  which  course  it  holds  to  its  junction  \Tith  the 
North  Platte. 

The  valley  of  the  South  Platte,  from  the  foot  of  its  canon  to  the  north- 
eastern  corner  of  the  State,  is  214  miles  in  length,  with  an  estimated 
average  width  of  2  miles,  or  an  area  of  bottom-land  of  about  400  sqaare 
miles.  Besides  this  bottom-land,  the  bench-land  can  easily  be  irrigated 
at  no  great  expense.  There  is  much  more  land  within  reach  of  irriga- 
tion than  the  river  can  supply  with  water.  I  have  several  measurements 
of  the  volume  of  water  carried  by  this  stream,  none,  however,  made  at 
the  end  of  the  irrigating  season,  and  therefore  the^'  are  poor  indices  of 
its  irrigating  capacity.    They  are  as  follows : 


Where  ganged. 


Six  mUes  below  Fair  PUt,  Soath  Pork 

HartseU's  Ranch,  South  Park  (above  moath  LitUe  Platte) 

Link's  Ranch,  where  the  road  from  Colorado  Springs  first  crosses 

thePiatte  

Foot  of  Cafion ^. 

Penrer. 

Two  miles  above  Denver  ( low  water) 


Date. 


Jnly  3  ... 
Jnne89 .. 

JnneSS ... 
Sept.  8... 
December 


Cubic  fees 
per  second. 


388 
367 

1,015 

1,400 

499 

904 


Anthony. 


Dol 

Do. 
Eberi. 
Fisher. 
Holtinok. 


At  a  short  distance  below  the  foot  of  the  caiion  the  Great  Platte  Caoal 
is  taken  out.  The  amount  of  water  abstracted  by  this  ditch  should  be 
added  to  the  two  last  measurements  to  make  them  at  all  comparable 
with  the  others. 

Judging  by  these  measurements  and  the  levels  which  its  waters  reach 
at  flo^  and  other  times,  I  should  say  that  near  the  end  of  July  this 
stream  carries  about  double  the  volume  given  by  this  measurement  on 
September  8,  or  2,800  cubic  feet  per  second.  Using  the  rule  adopted  for 
the  sub-Himalayan  districts,  i.  e.,  that  one  cubic  foot  per  second  will 
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irrigate  218  acres,  or  that  three  cubic  feet  per  second  will  irrigate  a 
square  mile,  we  shall  Und  that  the  area  irrigable  by  the  South  Platte  is 
9i3  square  miles.  Of  this  G24  square  miles  are  in  the  plains  and  311 
square  miles  in  the  mountains,  of  which  more  hereafter.  This  plains 
area  includes  all  the  bottom-lands  on  the  South  Platte  within  the  State, 
and  also  a  part  of  the  bench-land  bordering  the  stream.  I  have  little 
detailed  knowledge  of  the  bottom-lands  of  the  river  below  Greeley,  but 
presume  that  they  keep  pretty  nearly  the  same  average  width  as  above 
this  point.  Above  Greeley  they  are  from  half  a  mile  to  a  mile  wide, 
spreading  oat  to  three,  four,  or  five  miles  at  the  mouths  of  some  of  its 
branches,  making  an  average  of  about  two  miles  in  width,  as  was  stated 
above. 

The  irrigating  capacity  of  the  branches  of  the  South  Platte  from  the 
west  below  the  foot  of  its  cailon,  {.  e.,  in  the  plains,  I  estimate  to  be 
nearly  equal  to  that  of  the  South  Platte  itself,  or,  in  figures,  the  amount 
of  water  carried  by  them  is  about  2,400  cubic^feet  per  second,  which 
represents  an  irrigable  area  of  800  square  miles.  Of  these,  the  Cache 
la  Poudre  and  its  branch,  the  Box  Elder,  can  irrigate  174  square  miles, 
a  large  part  of  which  is  near  its  mouth,  where,  in  the  neighborhood  of 
tbe  town  of  Greeley,  the  bottom-lands  spread  out  to  a  great  width. 

;  Along  the  Big  Thompson  there  is  an  irrigable  area  of  116  square  miles; 
along  the  Little  Thompson,  44  square  miles.  Saint  Train's  Greek  can 
irrigate  174  square  miles,  half  of  which  can  be  effected  by  the  main 
stream,  and  half  by  its  two  branches,  Boulder  and  Goal  Creeks.  Clear 
and  Balaton  Creeks  can  water  234  square  miles;  Bear  Creek,  58  square 
iniles.  Of  the  streams  which  enter  the  South  Platte  from  the  South, 
Cherry  and  East  Plum  Creeks  head  in  the  Arkansas  divide  and  carry 
hot  little  water  in  proportion  to  the  size  of  their  valleys.  The  irrigating 
capacity  of  each  of  these  is  estimated  to  be  44  square  miles. 

West  Plum  Creek  heads  in  the  mountains  and  carries  more  water 
t^an  these  latter  streams.  Its  irrigable  area  is  estimated  to  be  72  square 
miles. 

The  courses  of  the  branches  of  the  South  Platte,  from  the  westward, 
in  the  mountains  are  almost  entirely  in  canons  or  narrow  valleys.    They 

,  contain  no  cultivable  areas  of  any  extent.  Space  for  a  ranch  or  two  is 
found  here  and  there ;  but,  altogether,  they  are  not  of  sufficient  import- 
ance to  be  mentioned  in  this  connection. 

The  following  measurements  of  the  amount  of  water  carried  by  Clear 
Greek,  at  Golden  City,  were  kindly  furnished  me  by  Capt.  E.  L.  Berthoud, 
of  the  School  of  Mines,  of  that  place : 

Cobio  feet. 

I  September  3. — Amount  of  water  carried 374 

I  August  27. — Amount  of  water  canied 536 

I  Jane  19  (flood  height). — ^Amount  of  water  carried 1,  765 

South  Park  is  a  tableland,  very  uniform  in  surface,  with  the  excep- 
tion of  a  few  minor  ridges,  which  traverse  it  in  a  direction  slightly  east 
of  south,  and  in  the  southern  part  numerous  volcanic  buttes.    Its  shape 
i  18  nearly  elliptical,  its  longer  axis  being  nearly  north  and  south.    Its 
I  length  is  about  50  miles  and  its  width  25  miles.    The  area  is  about  870 
sqpare  miles.    The  prevailing  slope  is  from  northwest  to  southeast. 
The  elevation  is«  in  the  northern  and  northwestern  part,  9,500  to  10,000 
feet ;  in  the  southern  part,  8,000  to  8,500.    The  mean  elevation  is  not  far 
,  from  9,000  feet. 

The  limits  of  the  park  are  sharply  defined  by  the  mountains,  which 
rise  on  all  sides  abruptly  from  the  plains  to  the  highest  summits. 
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Id  general,  the  park  is  not  well  watered.  ]!?ear  its  borders,  especially 
OQ  the  northern  and  western  sides,  there  is  at  all  seasons  an  abnudaoce 
of  water,  but  throaghout  the  whole  interior  part  of  the  park  water  is 
scarce  away  from  the  main  streams.  Its  surface  is  covered  with  buuch* 
grass  of  excellent  quality,  making  it  a  first-class  snmmer  range  for 
sheep  and  cattle,  bat  the  great  elevation  makes  it  hazardous  to  attempt 
to  winter  stock  out  of  doors,  except  in  sheltered  nooks  among  f  be  hiUa 
at  the  southern  end.  The  same  cause  makes  it  of  little  value  as  aa 
agricultural  district,  as  only  the  hardiest  crops  can  be  matured.  Tbe 
cultivable  area  is  estimated  at  174  square  miles,  distributed  among  the 
South  Platte  and  its  branches,  the  Little  Platte,  High,  Troat,  aad 
Tarryall  Greeks. 

In  and  about  the  course  of  the  South  Platte,  from  South  Park  to  tbe 
plains,  there  are  several  valleys  of  limited  extent,  but  whose  aggregate 
area  of  tillable  land  is  of  considerable  importance.  On  the  river  itself 
there  is  a  valley  6  or  8  miles  long,  between  the  foot  of  the  upper  canon 
and  the  mouth  of  Tarryall  Creek,  and  another  of  about  equal  size  a  short 
distance  above  the  month  of  the  North  Fork.  The  latter  stream  and 
Elk  Greek  each  has  a  long  narrow  valley,  containing  a  little  arable  land. 
On  the  other  side  of  the  river,  Beaver,  Trout,  and  West  Creeks  each  has 
a  small  area  of  arable  land.  The  whole  area  of  cultivable  land  on  Sonth 
Platte  drainage  between  South  Park  and  the  plains  is  130  square  mile& 

Profile  of  the  South  Platte  River  from  ite  head  to  Julceburg. 


Hoftd 

Fair  Play,  Sooth  Park 

Month  of  Little  Platte  Btver 

Foot  of  Soath  Park  (head  of  Upper  CafiOD). 

Foot  of  Upper  Ca&on 

Hoathof  Tarryall  Creek 

Moath  of  North  Fork 

Exit  from  motintaina 

Denver ; 

Hnfthea 

Platteville 

£vaD4 

iTnleshnrg 

Mean  fall  per  mile  in  tho  plains,  0.4  feet 


• 

s 

• 

1 

• 

1 

i 

§ 

k 

1 

§ 

I 

MilM. 

Ff^ 

Ft€L 

314 

ll.OOO 

900 

9,800 

85.7 

875 

8.683 

44.7 

264 

8,165 

47.1 

£54 

7,9i21 

84.4 

844 

7,386 

59.5 

S2G 

6,  no 

67.6 

814 

5,487 

51.9 

1P6 

5,150 

18.7 

175 

5,or>o 

4.8 

158 

4,950 

&» 

Ul 

4,7i5 

ia9 

0 

3,500 

&6 

Anthovity. 


Hayden. 
■     Do. 

Do. 

Do. 

Da 

Do. 
Preliminary  inOrood 

Do. 


DRAINAGE  AREA  OF  THE   ARKANSAS  RIYER. 

The  drainage  area  of  the  Arkansas  Biver  in  Colorado  is  23,000  sqnare 
miles,  of  which  by  far  the  larger  part  is  in  the  plains.  The  stream  rises 
in  and  near  Tennessee  Pass,  flows  at  first  about  25^  east  of  sonth,  throapffa 
a  valley  18  miles  long  and  of  a  width  varying  from  1  to  4  miles.  Ihen 
follow  a  few  miles  of  canon,  below  which  the  valley  expands  again  to 
an  average  width  of  4  miles,  and  continues  thus  to  the  mouth  of  the 
South  Arkansas,  or  about  33  miles.  Here  it  enters  a  caiion,  or  narrow 
valley,  in  which  it  is  inclosed  almost  continuously  to  the  plains.  In  one 
place  this  valley  widens  out  in  a  beautiful  little  park,  known  as  Pleas- 
ant Valley,  about  10  miles  long  by  3  in  width.  The  eoui^se  of  the  rircr 
changes  half  a  dozen  miles  above  the  mouth  of  the  South  Arkansas  to 


^ 


•1       CULTIVABLE  AREAS   OF  ARKANSAS  DRAINAGE. 


327 


Boatheast,  thea  to  east-northeast  at  the  foot  of  Pleasant  Yaney,  then 
again  to  a  coarse  slightly  south  of  east  at  the  mouth  of  Currant  Creek, 
and  continues  thus  far  out  into  the  plains.  At  La  Junta  it  turns  to  the 
eastward,  and  pursues  an  east  course  out  of  the  State.  It  collects  water 
lapidly  in  the  mountains,  while  in  the  plains  very  little  reaches  it,  even 
saeh  slaBams  as  the  Pnrgatoire,  Apishpa,  Saint  Charles,  and  Fontaine 
qui  Bonille  running  very  low  in  the  dry  season. 
•  The  area  of  arable  land  on  the  Arkansas  and  its  branches  is  estimated 
to  be  1,979  square  miles,  or  7  per  cent,  of  its  drainage-area.  Like  the 
South  Pli^tte  and  Eio  Grande  areas,  this  is  limited  entirely  by  the  amount 
of  water  available.  Of  this  arable  area  nearly  all,  or  1,740  square  miles, 
are  in  the  plains,  while  the  remainder  is  distributed  in  small  mountain 
valleys  on  the  main  river  and  some  of  its  mountain  branches. 

The  important  affluents  of  this  river  in  the  plains  are,  from  the  south, 
the  Porgatoire  (in  vernacular.  Picket  Wire),  the  Apishpa,  the  Huerfano, 
with  its  branch,  the  Cucharas;  the  Saint  Charles,  with  its  branchy  the 
Greenhorn,  and  Hardsorabble  Creek. 

On  the  north,  the  Fontaine  qui  Bouille  is  the  only  important  branch. 
Beaver,  Ute,  and  Turkey  Creeks  are  of  secondary  importance.  All 
these  streams  head  in  high  mountains,  and  carry  considerable  amounts 
of  water  where  they  reach  the  plains.  Their  courses  in  the  plains  are 
long,  and,  through  evaporation,  sinking,  and  the  present  needs  of  irri- 
gation, most  of  their  volume  is  lost  before  reachiug  the  main  stream. 

In  the  mountains  the  tributary  streams  are  short,  and  most  of  their 
ooarses  are  down  mountain  slopes.  The  most  important  of  them  are 
Grape  and  Texas  Creeks,  the  South  Arkansas,  Chalk,  Cottonwood,  Clear 
Lake,  and  Elbert  Creeks, from  the  south  and  west;  and  Oil,  Currant, 
Badger,  Trout,  and  East  Arkansas  Creeks  from  the  north  and  east. 
The  Arkansas  Biver  has  been  gauged  several  times  at  Caiion  City  and 
Pueblo,  at  different  stages  of  water.  The  results  are  presented  in  the 
following  table: 


Locality. 


CilioaCltj. 
^     Do... 

Do... 


Data. 


End  of  Aagnat. 

November 

do 

June 


Cable  feet 
perMOODd. 


S,090 
670 
606 

4,614 


Authority. 


Gannett. 

E.  Sw  KetUeton. 

Do. 

Do. 


From  these  measurements  it  would  appear  that  the  amount  of  water 
carried  by  this  stream  at  the  end  of  July  is  about  2,600  cubic  feet  per 
second,  an  amount  sufficient  to  irrigate  about  870  square  miles.  This 
is  mnch  more  than  the  area  of  bottom-land  on  this  stream,  but  the  slope 
of  the  bed  is  amply  sufficient  to  take  water  up  on  the  bench-land. 

The  Purgatoire  is  estimated  to  have  145  square  miles  of  irrigable 
area ;  the  Apishpa,  87  square  miles ;  the  Huerfano  about  the  same  in 
the  plains,  and  the  Cucharas  145  square  miles.  In  these  cases,  the  most 
economical  placing  of  the  arable  land  will  be  near  the  debouchure  of 
these  streams  into  ^he  plains,  as  thus  the  great  loss  by  sinking  and 
evaporation  will  be  avoided. 

Huerfano  Park,  in  which  the  Huerfano  collects  most  of  its  drainage, 
is  an  elevated  valley  between  the  Sangre  de  Cristo  Range  on  the  west 
SDd  the  north  end  of  the  Wet  Mountains  on  the  northeast.  Its  average 
elevation  is  7,000  feet.  The  surface  is  someVhat  broken  with  benches 
and  long  swells.    It  is  mainly  valuable  as  a  grazing  area,  there  being 


328 


REPORT  UNITED   STATES   GEOLOGICAL   SURVEY. 


little  timber  in  the  park.    The  arable  area  is  in  narrow  strips  along  the 
streams.    Its  total  amount  is  estimated  at  58  square  miles. 

The  Saint  Charles  and  Greenhorn  Rivers  can  water  155  square  miles. 
The  larger  part  of  this  is  at  the  east  foot  of  the  Wet  Mountains. 
'    The  Fontaine  Qui  Bouille  can  irrigate  about  145  square  miles,  distrib- 
uted in  a  narrow  belt  along  its  course.    Turkey  Creek  can  water,  possi- 
bly, 30  square  miles,  and  Beaver  Creek  half  as  much. 

Hardscrabble  Creek  flows  north  along  the  east  foot  of  the  Wet  Moan- 
tains,  receiving  a  number  of  little  streams,  making  a  continuous  belt  of 
irrigable  land  at  the  foot  of  this  part  of  the  range.  The  area  is  esti- 
mated at  37  square  miles. 

In  the  mountains  there  is  a  small  irrigable  area  in  Pleasant  Valley 
of  about  15 square  miles.  At  the  month  of  the  South  Arkansas  there  is, 
))erhaps,  twice  as  much  arable  land  on  the  main  stream  and  the  South 
Fork  Further  up  a  narrow  strip  of  arable  land  extends  from  the 
mouth  of  Chalk  Creek  up  to  the  foot  of  the  canon,  and  above  the  canon 
there  is  another  narrow  strip,  extending  up  nearly  to  the  head  of  the 
river.    Each  of  these  two  latter  areas  is  about  30  square  miles. 

Near  the  head  of  Oil  Creek  there  is  a  valley  containing  between  40  and 
45  square  miles  of  arable  land.  Currant  Creek  has  a  narrow  strip  of  ara- 
ble land  through  a 'part  of  its  course,  amounting  to  about  15  square 
miles.  On  the  other  side  of  the  river  Texas  Creek  has  a  like  area  of 
arable  land,  situated  in  Wet  Mountain  Valley. 

The  following  table  gives  the  slopes  of  the  Arkansas  from  its  head  to 
the  eastern  boundary  of  Colorado.  The  elevations  are  nearly  all  baro- 
metric : 


Looalitj. 


Sonrce  in  Temeiirae  Pass 

Mouth  Colorado  Guloh 

Month  LakeCrotik 

Month  Pine  Creek  —  .* 

Moat  h  CottOQ wood  Creek 

Month  Chalk  Creek 

MoutD  South  ArkfkDsas 

CaflonCity 

Poeolo 

Month  Apishpa  River 

Twenry-t'onr  miles  abovo  Bent's  Fort 
Ifear  Bent's  Fort 


East  bonndory  of  Colorado 


Authority. 


Hayden. 

do. 

do. 

do. 

do. 

.do 


Kwisas  Pacific  Railroad 

Denver  and  Rio  Grande  Railroad. 
do 


1^ 


MUeM. 

3i2 

314 

303 

394 

981 

873 

350 

197 

157 

116 

106 

89 

65 

49 

SI 

0 


I 

I 


JVset 
10.000 
9.586 
9,089 
8.690 
P,317 
7,8n 
6,500 
5,300 
4,970 
4,371 
4.091 
3.672 
3,537 
3,328 
3,166 
3,047 


8 

I 


9310 
4&d 

59.1 
33.3 

:&Q 

SB.9 

89.( 

l&H 

7.3 

9&0 

17.5 

&8 

9.1 

7.7 

&7 


THE  SAN  LUIS  VALLEY. 


This  is  tbe  most  southern  of  the  succession  of  high  mountain  valleys, 
and  is  the  largest  of  the  four.  Its  shape  is  nearly  elliptical,  the  longer 
axis  lying  about  north  and  south.  Its  greatest  length  is  about  140  miles, 
its  greatest  width  about  50,  while  the  mean  width  is  35  or  40  miles.  The 
area  is  approximately  5,300  square  miles.  The  elevation  ranges  from 
7,400  to  8,000  feet.  The  southern  third  of  this  valley  lies  in  New  Mexico. 
It  is  with  the  northern  two-thirds  that  we  have  to  do.    The  surface  of 
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this  valley  is  as  flat  as  a  billiard-table.  Variations  of  level  are  very 
dight,  and  are  imperceptible  to  tbe  eye.  The  beds  of  the  streams  are 
bat  slightly  depressed  below  the  level  of  the  valley,  generally  bat  two 
or  three  feet.  Most  of  the  soil  is  sandy,  especially  toward  the  eastern 
side,  where  the  sand  is  heaped  np  into  danes,  against  the  mountains^  and 
toward  the  sonth,  while  northward  the  sand  decreases,  and  the  soil  be- 
comes an  adhesive  clay. 

San  Lnia  Greek  beads  in  the  northern  end  of  the  park  in  a  small  snb- 
valley  known  as  Homan's  Park.  In  its  southward  conrse  it  is  joined 
by  namerons  little  tributaries  from  the  Sangre  de  Cristo  Range,  on  the 
east.  Most  of  these  little  streams  sink  in  the  porons  soil  in  ^he  summer, 
bat  each  suffices  to  irrigate  a  small  patch  of  ground  at  the  foot  of  the 
moaotains. 

From  the  west,  Kerber  and  Sawatch  Greeks  join  San  Luis  Greek.  The 
former  has  a  few  square  miles  of  fine  meadow-land  along  its  coarse. 
The  latter,  a  large  creek,  has  fine,  broad,  meadow-like  bottoms  in  the 
park,  and  a  broad  valley  accompanies  the  creek  15  or  20  miles  into  tbe 
iQoantains.  On  this  and  the  main  stream,  San  Luis  Greek,  there  are 
very  large  arable  areas,  compared  with  the  apparent  size  of  the  creeks. 
From  percolation  through  the  soil,  most  of  the  bottom-land  is  more  or 
less  marshy,  i.  e,  naturally  irrigated. 

This  drainage  system  (of  San  Luis  Greek),  which  includes  the  north- 
ern half  of  tbe  portion  of  San  Luis  Valley,  which  we  are  considering,  is 
not  tributary  to  the  Bio  Grande,  but,  flowing  down  the  valley  near  its 
eastern  border  to  a  point  opposite  the  debouchure  of  the  Eio  Grande,  it 
spreads  out  into  an  extensive  swamp,  having  no  outlet,  save  evapora- 
tion, overgrown  with  luxuriant  greasewood,  and  developing  here  and 
there  into  small  lakes  or  ponds,  the  water  of  which  is  a  strong  solution 
of  alkali. 

The  Bio  Grande  heads  in  the  heart  of  the  San  Juan  Mountains.  From 
the  great  snow-fields  and  the  abundant  showers  which  fall  on  these  high 
^OQotains  the  stream  grows  rapidly,  and  at  its  entrance  into  San  Luis 
Valley  it  is  one  of  the  largest  streams  of  the  State.  From  the  point  of 
entrance  into  the  valley  its  course,  which  heretofore  has  been  nearly 
east,  gradually  turns  to  south  as  the  river  slowly  sweeps  out  into  the 
middle  of  the  valley.  It  has  several  good-sized  tributaries  in  the  val- 
ley, Alamosa  and  La  Jara  Greeks;  and  the  ^onejos,  with  its  branch,  the 
Hio  S4n  Antonio,  from  the  west,  and  the  Trinchera,  Gulebra,  and  Gos- 
tilla  from  tbe  east.  Many  more  streams  come  down  from  the  mountains 
to  the  edge  of  the  valley,  but  are  absorbed  by  the  hot  sandy  soil. 

The  mountains  on  all  sides  are  high,  and  send  down  a  large  amount 
of  water  into  the  valley,  but  the  character  of  the  soil  is  such  that  much 
of  it  is  immediately  absorbed. 

The  agricultural  capabilities  of  this  valley  are  measured  solely  by  the 
snpply  of  water.  Were  there  a  sufficient  supply  of  that  liquid,  the 
whole  valley  could  be  made  productive. 

Prof.  Gyrus  Thomas,  in  the  annual  report  for  1870,  page  198,  esti- 
mates the  irrigable  land  at  25  per  cent,  without  the  use  of  reservoirs. 
In  this  estimate  I  agree  with  him.  The  amount  of  water  which  enters 
the  valley  north  of  the  line  of  Kew  Mexico,  including  the  Rio  Grande 
(which  is  by  far  the  largest  stream),  will  irrigate  1,291  or  nearly  1,300 
square  miles.  This  is  very  nearly  all  the  water  which  enters  the  valley. 
The  irrigable  area,  then,  1,300  square  miles,  is  practically  the  entire 
itrigable  area  of  tbe  whole  valley,  and  is  about  25  per  cent,  of  the  en- 
tire area.    I,  however,  suppose  all  this  water  is  used  in  that  part  of  the 
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valley  which  is  in  Golorado,  and  thus  inorease  the  proportion  of  irrigable 
area  to  32.5  per  cent,  ot  that  portion  of  the  valley. 

This  area  is  apportioned  as  follows  among  the  different  streams  which 
enter  the  valley.  The  Eio  Grande  carries  at  the  end  of  the  irrigating 
season  not  far  from  2,500  cubic  feet  of  water  per  second.  In  that  part 
of  its  coarse  above  the  San  Lais  Yalley  there  is  but  little  irriga- 
ble land.  There  is  a  small  area  in  Antelope  Park,  bat  it  is  too  high 
for  any  buf  the  hardiest  crops  to  flourish.  Below  this  the  valley  is  nar- 
row, and  the  amount  of  water  used  for  irrigation  would  be  so  small  tbat 
it  need  not  be  taken  into  account. 

Our  previous  supposition,  that  one  cubic  foot  of  water  per  second  will 
suffice  to  irrigate  218  acres,  will  not  hold  good  in  the  case  of  the  liio 
Grande  drainage  area  in  this  valley,  for  the  soil  is  of  the  sandiest,  and 
the  waste  of  water  would  be  enormous.  Instead  of  allowing  3  cubic 
feet  per  second  to  the  square  mile,  I  should  judge  that  5  cubic  feet 
would  be  none  too  much.  This  would  give  an  irrigable  area  of  500 
square  miles  by  the  river,  and  by  its  branches  as  follows :  Alamosa  and 
La  Jara,  100  square  miles;  Conejos,  about  the  same;  the  Trinchera, 
72  square  miles ;  the  Gulebra,  58  square  miles ;  the  Costilla,  29  square 
miles  ;  and  the  Gata,  15  square  miles.  • 

Profile  oy  the  Bio  Grande  from  it9  head  to  the  foot  of  Taos  CaiaH.— {fla^den.) 
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The  San  Juan  drains  the  ^onthem  slopes  of  the  San  Juan  Monntabs. 
The  headwaters  of  the  main  stre^im  and  most  of  its  branches  have  loog 
southerly  courses  in  the  mountains,  where  their  valleys  are  narrow,  and 
flanked  on  each  side  by  high  mountain  spurs.  Tbe  drainage  area  in 
Golorado  is  but  5,600  square  miles,  and  this  is,  in  large  part,  composed 
of  the  poorest  country  in  the  State.  In  and  near  the  mountains  tbe 
land  is  good  and  water  abundant,  but  away  from  them,  on  tiie  sooth 
and  west,  it  is  arid  and  desert.  There  is  no  water  in  the  countiyy 
except  in  the  main  river,  and  a  few  insignificant  holes  and  springs. 

Most  of  the  course  of  the  San  Juan  itself  through  the  arid  and  desert 
plateau  is  in  New  Mexico  and  Utah,  as  are  also  the  lower  courses  of  the 
more  important  branches. 

In  this  drainage  system  there  are,  it  is  estimated,  392  square  miles  of 
irrigable  land,  distributed  in  narrow  belts  in  and  near  the  mountains. 

On  the  Eio  Navajo,  the  most  eastern  branch,  there  are  a  few  square 
miles  of  irrigable  valley,  extending  from  near  the  foot  of  Banded  Peak 
to  the  south  line  of  the  State. 

The  main  stream  (San  Juan)  has  a  fine  valley,  one  to  two  miles  in 
width,  extending  from  the  mouth  of  Gallon  Creek  to  a  point  below  that 
of  the  Rio  Piedra,  a  distance  of  nearly  50  miles.    The  Piedra,  below  tbe 
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mooth  of  tbeNntria,  and  the  latter  stream  through  Dearly  all  its  course, 
kave  fine  but  narrow  valleys,  and  the  Piedra  has  other  bmall  patches  of 
laod  uear  its  head.  The  Rio  de  los  Piuos  has  a  narrow  valley  extending, 
vith  short  breaks  to  its  continuity,  far  up  into  the  mountains.  The 
Animas  and  Florida  have  similar  valleys.  That  of  the  former  stream  is 
particalarly  fine,  spreading  out  in  Animas  Park  to  one  of  the  tinest 
moontain  valleys  in  the  State.  The  La  Plata  can  water  a  strip  of  valley 
land  20  miles  long  by  at  least  2  in  width.  The  arable  land  on  the 
Mancos  is  mainly  in  a  patch  at  the  immediate  foot  of  the  La  Plata 
Uonntains ;  but,  in  addition,  there  is  a  very  narrow  belt  along  the  river, 
for  25  or  30  miles  above  its  mouth. 

The  other  branchesof  the  San  Juan  in  the  State,  the  McEImo  and 
Hovenweep,  are  dry  the  greater  part  of  the  year  from  head  to  mouth, 
and  their  coarses  are  in  close  csifLon. 

Profile  of  the  San  Juan  River, ^{Hay den.) 
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Profile  of  ike  Aniwuu  Biver.~-(Haydsn,) 


Divide  aft  head 

Head  of  Baker's  Park ... 

VoU  of  Baker's  Park 

llouih  of  Cascade  Creek 
Head  of  Animas  Park... 

Foot  of  Animas  Park 

Ifoutb  of  Flotida 

KoQth 


Kcan  Ihll  pn-  mile  from  head  of  Baker's  Park  to  mouth 


From 
month. 


JfOw. 
113 
105 
97 
80 
70 
56 
38 


SlewitioiL 


FuL 
ia,500 
9,900 
9.400 
7,700 
6,000 
6,6  0 
6,106 
5.310 


Fall  per 
mile. 


FeeL 


450 
93 

100 
80 
Si 
S7 
SI 


43.7 


NOTB. — AU  elevations  are  t>arometric. 
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Profile  of  the  Bio  ManooB. — (Hayden.) 
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Profile  of  Ike  La  Plata  Bicer, — {Rayden,) 
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DRAINAGE  AREA  OF  GRAND  RIVER. 

The  Grand  River  UDites  with  the  Oreen  to  make  the  great  Kio  Colo- 
rado of  the  West.  Its  head  is  among  the  snow-fields  of  the  western 
slope  of  the  Front  Range,  in  the  northeastern  part  of  Middle  Park.  Its 
drainage  area  in  Colorado  comprises  22,100  square  miles.  It  consists  of 
the  Middle  Park  and  the  inner  slopes  of  its  mountain  barriers,  a  large 
part  of  the  Park  Bange,  the  western  slopes  of  the  Sawatch  Range,  the 
Elk  Mountains,  the  north  and  west  slope  of  the  San  Juan  Mountains, 
the  southern  portion  of  the  great  White  River  Plateau,  besides  an  enor- 
mous area  of  the  broken  plateau  country  farther  westward.  Its  coarse 
from  its  head  to  its  junction  with  the  Green  is,  in  general  terms,  some* 
what,  south  of  west,  at  right  angles  to  all  the  ranges  and  ridges.  Con- 
sequently a  large  part  of  its  course  is  in  caiion,  in  forcing  its  way  across 
the  uplifts  which  it  encounters.  The  arable  area  on  the  main  stream  is 
comparatively  inconsiderable,  being  confined  to  cross-sections  of  tbe 
valleys  which  it  traverses.  The  total  area  of  arable  land  on  this  river 
and  its  branches  is  estimated  at  1,200  square  miles.  Of  this  but  320 
square  miles  are  on  the  main  river.  This  estimate  covers  all  the  level 
land  which  can  be  reached  from  the  stre«im,  and  had  no  reference  what- 
ever to  the  volume  of  water  carried  by  the  stream,  which  is  largely  in 
excess  of  that  required  to  irrigate  this  area.  The  river  was  ganged 
just  above  the  mouth  of  the  Gunnison  on  the  23d  September,  and  found 
to  carry  4,850  cubic  feet  per  second.  At  the  close  of  July  it  must  carry 
at  least  6,000  cubic  feet.  Other  measurements,  higher  up  the  stream^ 
have  been  made.  Just  below  the  mouth  of  the  Eagle,  a  large  branch 
from  the  Sawatch  Mountains,  it  carried,  in  November^  871  cubic  feet, 
and  at  the  Hot  Springs  in  Middle  Park,  near  its  head,  it  carried,  in 
September,  802  feet.  These  last  two  measurements  were  made  by  Mr. 
S.  B.  Ladd,  at  that  time  attached  to  this  survey. 
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Of  the  brancbes  of  Graod  Eiver,  bat  one,  the  Uncompahgrey  has  saf- 
ficient  land  suitably  situated  to  use  ap  all  its  water. 

The  Middle  Park,  so  called,  is  rather  a  collection  of  valleys,  sep- 
arated by  high  mountain  ridges.  On  the  east,  the  great  wall  of  the 
Front  Bange  separates  it  from  the  plains  and  forms  the  water-shed  of 
the  continent.  On  the  west,  it  is  shut  in  by  the  Park  Bange,  through 
vhicb,  in  a  deep,  narrow  gorge,  the  waters,  collected  in  this  depression, 
find  an  exit.  On  the  north  and  south,  the  ridges  which  separate  the 
secondary  streams  of  the  Park  rise  to  a  considerable  elevation,  and  are 
connected  by  saddles,  forming  the  boundaries  on  those  sides. 

The  principal  branches  of  the  Grand  in  the  Park  are  the  North  Fork, 
Willow  Creek,  Troublesome  Greek,  and  the  Muddy  from  the  north,  ana 
Frazer,  Williams,  and  Blue  Bivers  from  the  south.  All  these  are  con- 
sequent streams,  and  all  are  in  valleys  of  greater  or  less  width,  yet  the 
amount  of  arable  land  on  them  is  comparatively  insignificant,  being 
altogether  but  30  square  miles.  That  on  the  main  river  witbiif  the  Park 
is  44  square  miles,  giving  a  total  of  74  square  miles. 

The  arable  area  on  the  Grand,  in  this  part  of  its  course,  is  in  the 
form  of  a  narrow  strip,  perhaps  a  mile  wide,  extending,  with  a  few 
short  interruptions,  across  the  Park  from  east  to  west.  Frazer  Biver 
bas  a  small  area  of  arable  land  near  its  mouth  and  another  some  12  or 
15  miles  above.  The  Blue  Biver  has  a  few  square  miles  of  cultivable 
land  near  its  mouth.  The  valleys  of  the  other  streams  in  the  Park  con- 
tain no  arable  land.  The  elevation  of  the  valleys  in  Middle  Park  range 
from  8,000  to  9,000  feet. 

All  these  valleys  contain  large  extents  of  pasture-land,  extending  to 
tbe  bases  of  the  mountains.  The  mountains  are  everywhere  heavily 
timbered  with  pine  and  spruce. 

Following  the  river  down,  the  next  arable  areas  of  any  extent  are  at 
tbe  mouth  and  head  of  Egeria  Greek.  In  these  localities  there  are 
about  30  square  miles  of  excellent  land.  The  caiion  which  the  river 
enters  at  the  foot  of  Middle  Park,  and  which  opens  out  into  a  valley  at 
the  mouth  of  Egeria  Greek,  closes  again  below,  and  extends  almost 
continuously  down  the  river ;to  a  point  about  10  miles  below  the  mouth 
of  Roaring  Fork.  In  this  c!tnon  Bagle  Biver  joins  the  Grand.  This 
stream  drains  the  north  end  of  the  Sawatch  Bange  and  part  of  the 
western  slopes  of  the  Park  Bange,  heading  opposite  the  Arkansas,  and 
oocapying  the  same  consequent  valley.  Along  it  and  two  of  its 
branches.  Brush  and  Gypsum  Greeks,  it  is  estimated  that  there  are  87 
square  miles  of  arable  land,  extending  in  narrow  belts  along  these 
streams. 

Soaring  Fork  drains  the  northern  slopes  of  the  Elk  Mountains.  Its 
course,  and  those  of  its  numerous  branches,  are  mainly  in  narrow  mount- 
ain valleys.  Its  arable  land  consists  of  a  small  patch  at  the  mouths  of 
Hunter's,  Woody,  Gastle,  and  Maroon  Greeks,  and  a  strip  at  the  mouth 
of  Bock  Greek;  in  all  some  15  square  miles.  Farther  down,  the  Grand 
enters  a  broad  valley,  of  which  a  very  considerable  part,  about  72 
square  miles,  can  be  irrigated  and  made  productive.  Its  present  prod- 
uct js  mainly  sage.  Below,  the  river  flows  through  a  valley  several 
miles  wide,  but  utterly  unfit  for  agriculture,  as  the  surface  is  very 
uneven  and  cut  by  numerous  arroyas.  At  the  foot  of  this  valley  Pla- 
teau Greek  enters  the  Grand.  On  this  stream  there  is  a  small  area  of 
arable  land. 

Passing  through  another  short  caiion,  the  Grand  emerges  into  that 
great  valley  which  is  known  here  as  the  Grand  Biver  Valley,  farther  up 
as  the  Gunnison,  and  still  farther  as  that  of  the  Uncompahgre.    The 
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sonth  end  of  this  great  valley  is  at  tbe  northern  foot  of  the  San  Jaan 
Mountains.  Thence  it  extends  nearly  northwest,  embracing,  with  its 
slopes,  all  the  drainage  of  the  Uncompahgre,  a  large  branch  of  the  Gan- 
niaon,  which  in  tarn  iauthe  largest  branch  of  the  Grand.  Near  the  mouth 
of  the  Uncompahgre  the  Gunnison  turns  from  west  to  northwest,  keep- 
ing the  course  of  the  valley,  and  occupying  a  canon  on  the  west  edge  of 
the  middle  of  the  valley.  At  the  mouth  of  the  Gunnison  the  Grand 
takes  its  direction,  following  the  northwestern  course,  and  huggiug  tbe 
cliffs  on  the  southwest  side  of  the  valley.  At  the  mouth  of  Salt  Creek 
the  river  turns  sharply  at  right  angles  and  flows  off  to  the  southwest 
The  valley,  also,  bends  around  to  the  west,  in  deference  to  the  course  of 
the  Boan  Gliffs,  which  here  border  it  on  the  north.  Altogether  this  val- 
ley has  in  Colorado  a  length,  northwest  and  southeast^  of  114  miles.  Its 
width  is  variable.  On  the  Uncompahgre  it  is  widest,  reaching  18  miles, 
while  farther  down  it  is  from  6  to  12  miles  in  width.  Its  area  is  between 
1,300  and  1,400  square  miles.  In  the  course  of  this  valley  wo  flud  all 
^n^es  of  natural  flertility  or  barrenness.  At  its  head,  in  Uncompahgre 
Park,  the  valley  is  filled  with  meadow  grass,  and,  in  season,  is  carpeted 
with  flowers.  The  timber  on  the  hill-sides  is  heavy  spruce  and  piue. 
Going  down  the  valley,  the  abundant  growth  of  grass  disappears  to  make 
way  for  sage ;  then  that  becomes  stunted  and  scanty,  and  below  the 
mouth  of  the  Gunnison  the  valley  is  nearly  destitute  of  vegetation,  aod 
presents  a  hard,  smooth  surface  of  white,  sun-baked  clay.  Uf  this  val- 
ley, the  waters  of  the  Grand  Eiver  can  reach  only  about  200  square 
miles,  all  which  is  situated  on  the  northeast  side  of  the  river.  Tbe  sonth 
bank  is  a  vertical  wall,  of  too  great  a  height  to  surmount  with  the  sligbt 
fall  of  the  river.  The  soil  of  this  part  of  the  valley  is  a  stiff,  adhesive, , 
TK)ttomless  clay,  containing  considerable  alkali.  Its  elevation  is  about 
4,500  feet  above  sea.  This  is  the  last  arable  area  on  the  Grand  in 
Colorado. 

Tbe  Gunnison,  from  its  mouth  up  to  the  mouth  of  Bonbideau's  Creek, 
f. «.,  nearly  to  the  mouth  of  the  Uncompahgre,  is  in  a  canon  600  to  1,000 
feet  deepj  cut  in  the  edge  of  the  valley,  with  the  exception  of  a  mile  or 
two  at  the  mouth  of  Whitewater  Creek.  At  this  point  there  is  a  small 
area  of  meadow-land,  easily  irrigated. 

The  surface  of  this  part  of  the  valley  is  quite  uneven,  being  much  cat 
up  by  ridges  running  down  from  the  Grand  Mesa  just  east  of  it.  Tbis 
portion  of  the  valley  between  the  Gunnison  and  Grand  is  almost  utterly 
worthless.  The  only  part  of  that  can  be  irrigated  are  the  bottom-lands 
above  the  mouth  of  Boubideau's  Creek.  These  average  two  miles  in 
width,  and  aro  just  high  enough  to  escape  floods. 

In  the  upper  portion,  known  as  the  Uncompahgre  Yalley,  a  different 
condition  of  things  exists.  The  bottom-lands  of  the  Uncompahgre  aver- 
age at  least  a  mile  in  width.  The  bench  is  smooth,  sloping  with  tbe 
river-bed  approximately,  and  but  50  to  100  feet  above  it^  while  tbe 
fall  of  the  river  is  quite  rapid.  The  whole  volume  of  the  nver  can  be 
used  to  advantage,  with  plenty  of  land  remaining  tQ  await  a  change 
of  climate. 

In  September  the  river  was  gauged  at  the  agency,  near  the  head  of 
the  valley,  and  found  to  carry  356  cubic  feet  of  water  per  second.  Tbis 
implies  about  600  cubic  feet  at  the  end  of  July;  an  amount  sufficient  to 
irrigate  about  200  square  miles.  The  elevation  of  this  valley  is  from 
5,000  to  6,000  feet. 

The  Gunnison  River  heads  in  the  saddle  connecting  the  Elk  and  Sa« 
watch  Ranges.  Its  drainage-basin,  of  8,000  square  miles,  includes  most 
of  the  western  slopes  of  the  Sawatch  Range,  the  southern  slopes  of  tbe 
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Elk  Honntains,  and  the  northern  slopes  of  the  San  Juan  Group.  Though 
the  drainage-area  is  not  large,  its  mean  elevation  is  very  high,  and  it 
inclodes  the  loftiest  and  heaviest  ranges  in  the  State ;  and,  in  propor- 
tion to  the  size  of  its  draiuage-area,  this  river  is  one  of  the  largest.  It 
starts  as  a  consequent  stream,  pursuing  a  course  parallel  to  the  wall  of 
the  Sawatch  Bange^  which  forms  the  eastern  boundary  of  its  valley. 
Id  this  valley  there  is  considerable  irrigable  laud,  but  the  great  eleva- 
tioD  ^over  9,000  feet)  and  the  stouy  nature  of  the  soil  (it  is  derived  from 
moramal  deposits)  lessen  its  agricultural  value  materially.  At  the  foot 
of  this  valley  the  river,  re-enforced  by  several  large  mountain  streams, 
tarns  at  right  angles  and  boldly  pushes  westward.  At  the  outset  it 
meets  with  difficulties,  and  is  forced  to  cut  a  canon  through  a  heavy 
broad  ridge  which  connects  the  Ells  Mountains  with  a  heavy  westward 
spur  from  the  Sawatch  Bange.  That  passed,  it  enters  a  broad  valley, 
down  which  it  meanders  peacefully,  receiving  several  large  branches — 
Slate  Biver  and  Ohio  Greek  from  the  north,  and  Tomichi  Greek  from 
the  east.  The  first  two  head  in  the  Elk  Mountains,  and  have  compara- 
tively short  courses.  Their  valleys,  which  in  the  mountains  are  narrow, 
widen  as  they  approach  the  Gunnison,  and  help  to  swell  the  arable  area 
of  this  valley. 

The  Tomichi  heads  about  Mount  Ouray,  in  the  Sawatch  Bange,  and 
flows  nearly  west  throughout  its  course.  Through  most  of  its  long 
coarse  its  valley  is  narrow,  inclosed  by  high  hills — spurs  from  the  Sawatch 
Baoge.  A  narrow  ribbon  of  arable  land  runs  down  this  valley,  almost 
continuously,  from  its  head  to  its  mouth. 

A  narrow  belt  of  arable  land  extends  down  the  Gunnison  half  a  dozen 
miles  below  the  month  of  the  Tomichi,  then  the  river  enters  a  low  caOon, 
in  which  it  flows  for  about  15  miles.  Then  there  is  a  short  valley,  ex- 
tending up  two  creeks  which  flow  in  from  the  north,  giving  8  or  10 
square  miles  of  good  land.  The  White  Earth,  which  comes  in  just 
above  this  valley,  has  a  beautiful  little  valley  about  20  miles  above  its 
mouth.  And  on  Lake  Fork,  which  comes  in  at  the  foot  of  this  valley 
on  the  Gunnison,  there  is  a  narrow  strip  of  arable  land,  commencing  15 
miles  above  its  month  and  running  up  about  10  miles. 

Below  the  mouth  of  Lake  Fork  the  river  enters  the  Grand  Oanon,  50 
miles  long,  and,  at  its  deepest,  3,000  feet  in  depth.  Of  the  streams 
which  join  it  in  the  cafLon,  none  have  arable  areas  of  any  considerable 
extent.  Blue  and  Gebolla  Greeks  have  small  patches,  and  the  North 
Fork,  which  enters  near  the  foot  of  the  canon,  furnishes  a  cultivable 
area  of  10  or  12  square  miles. 

Below  the  cafion  the  river  enters  the  Uncompahgre  Valley,  already 
described.  The  total  amount  of  arable  land  on  the  Gunnison  and  its 
branches  is  500  square  miles. 

The  Dolores  and  San  Miguel  Bivers  rise  in  the  western  part  of  the 
Ban  Juan  Mountains.  They  quickly  reach  the  level  of  the  plateaus  and 
immediately  bury  themselves  beneath  that  level,  and  flow,  through  nearly 
their  whole  courses,  in  canon.  The  San  Miguel  Biver  scarcely  comes  to 
the  surface  of  the  country  at  all  during  its  course.  In  one  place  just 
above  the  mouth  of  Naturita  Greek  its  walls  diminish  in  height  to  little 
more  than  bluffs,  and  its  valley  widens  out  to  about  a  mile,  giving  room 
for  a  few  farms.  On  the  Dolores  there  is  a  narrow  strip  about  its  south- 
ern bend,  in  the  neighborhood  of  the  month  of  Lost  Ganon,  another  and 
larger  area  at  the  foot  of  Gypsum  Yalley,  and  a  third  in  Paradox 
Valley.  Below  the  junction  with  the  San  Miguel,  at  the  mouth  of  the 
TTnaweep  Gallon,  there  is  another  irrigable  patch.  Altogether,  the 
Dolores,  including  the  San  Miguel,  has  145  square  miles  of  arable  land. 
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At  the  forks  of  the  Little  Dolores  there  is  an  area  of  about  30  square 
miles  of  good  land. 

Profile  of  the  Grand  Miter. — (Hayden.) 


Qmnd  Lake,  Middle  Park.... 

Forks 

Hot  Springe 

If  oatb  of  Moddy  Creek 

Foot  of  cfifion  in  PArk  Range 

Mouth  of  Eagle  Hivor 

Month  of  Roaring  Fork 

Month  of  North  Mam  Creek . 

Month  of  Roan  Creek 

Month  of  Gnnnieon  River  ... 

Bead  of  Low  Cafion 

Horeeehoe  Beisd 

Month  of  Dolores  River 

Month 


From  month. 

Elevation. 

Fall   per 
mile. 

> 

Miles. 

JRwt 

JFtet 

348 

r      8,153 
8,123 

344 

5.0 

3S0 

7,715 

7.0 

309 

7,180 

30.0 

995 

7,000 

9\7 

S98 

6,195 

13.1 

900 

5,74a 

SOlI 

188 

5,645 

13.3 

159 

5,100 

9l6 

190 

4,593 

1810 

104 

4,500 

1.4 

70 

4,300 

5.9 

59 

4,950 

9.8 

0 

3,900 

617 

Note.— All  elevations  are  barometric. 
Profile  of  the  Eagle  River. — (Hayden,) 


Head  in  Tennessee  Pass... 

Month  of  Homtstake  Creek 

Mouth  of  Roche  Montonne6  Creek 

Month  of  Oore's  Creek 

Headofcafion i 

Mouth 


From  month. 


MUet. 


69 
50 
45 
41 
99 
0 


ElevifctloD. 


FmL 
10, 418 
8,693 
7.856 
7,700 
7.005 
6.195 


Fall  per 
mile. 


144 

167 
39 
53 


Note.— AU  elevations  are  barometric 
Profile  of  the  Roaring  Fork. — (Hagden.) 


From  month. 


Elevation. 


Head 

Month  of  Hunter's  Creek. . . 
Mouth  of  Dlffionlt  Creek  . . . 

Mouth  of  Castle  Creek 

Mouth  of  Frying-pan  Creek 

M  on  th  of  Rock  Creek 
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64 
55 
48 
43 
95 
19 
0 
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8,941 
7.94J 
6.626 
6.000 
5,743 


Fall  per 
mile. 
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60 

73 
43 
SL 


NoTE^'All  elevations  are  barometric. 
Profile  of  the  Gunnison  Riiper.^(Hayden,) 


Head 

Month  of  Pass  Creek 

Head  of  Upper  Caikon 

Month  of  Slate  River 

Mouth  of  Tomichi  Creek 

Foot  of  open  valley 

Month  of  White  Earth  River. 

Mouth  of  Lake  Fork 

Mouth  of  Cebolla  Creek • 

Month  of  North  Fork 


Mouth  of  Uncompahere  River 
Month  of  Ronbldean's  Creek . . , 
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From  month. 

Elevation. 
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mile. 
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9&9 

112 
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97 
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tl5 

69 
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45 
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40 
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0 
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NoTX— Ail  elevations  are  barometric. 
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Profile  of  the  Lake  Fork  of  ike  Gunnieon,^Hayde».) 


I   Hftd 

I    VaOej 

I  Kovth of Soatb  Branch.. 
I  Hoqth  of  Goodwin  Greek 
Month  of  iBdiaa  Creek . . 


Trom.  month. 


JCiZff. 
59 
56.5 
51 
30 
15 
0 


Eleyation. 


Feet 
13.260 
11,060 
9,860 
8.660 
7,860 
7,213 


Fall  per 
mile. 


FeH. 


880 

S18 

80 

38 

43 


NOTB.— All  elevations  are  barometrio. 


Profile  of  the  Unoompdhgre  Biver,—{Bayden,) 


IMvMe  nt  hcvid 

Head  of  email  Talley 

Lover  end  of  small  valley 

Lower  end  of  cafion 

Ifonth  of  DaUas  Fork 

UneoDpahgre  agency 

Ford  of  Salt  Lake  fioad  . . 
lloakh 


I^m  month. 
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7a  5 
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0 


Elevation. 


Feet. 
11,100 
9,700 
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7,000 
^400 
5,e')0 
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ITall  per 
mile. 


Feet. 


3j0 

100 

375 
71.4 
41.4 
57.1 
23.7 


KoTB.— All  elevations  are  barometrio. 


Profile  of  the  Rio  Dolores. — {Hayden.) 


VoathofLoBtCafion 

HoQth  of  Disappointment  Creek 

In  Paradox  Valley 

Moath  of  San  Mlgael  River  .... 

HoQth  of  Unaweep  Cafion 

Month 


From  month. 


JfOM. 

134 
83 
49 
43 
21 
0 


Elevation. 


Feet. 

6,950 
6,500 
5,100 
5,000 
4,600 
4,250 


Fall  per 
mile. 


FeeL 


9i 

17 
18 
17 


27oTX.— All  elevations  are  barometrio.    Mean  fall  per  mile,  20.1. 


WHITE  BIYEB. 


White  River  heads  in  high  plateaas,  which  reach  the  timber-line.  Its 
general  course  is  westwa^,  varied  by  occasional  carves  toward  the 
north  and  sonth.  From  head  to  month  it  traverses  plateaus,  mainly 
inclined  at  low  angles.  Throughout  it  flows  in  a  valley,  through  most 
of  its  course  narrow,  and  limited  by  cafion-walls.  The  arable  belt  is 
narrow,  nowhere  exceeding  a  mile  in  width,  excepting  in  Simpson's 
Park,  where  the  White  Biver  agency  is  located.  Here  the  valley  spreads 
OQt,  making  an  irrigable  patch  four  or  five  miles  in  width  by  about  the 
same  length. 

Of  the  branches  of  White  Biver,  the  only  one  having  any  arable  land 
in  its  caiion  is  that  known  as  Piceance  Greek,  which  has  a  narrow  belt 
along  it  for  twenty- miles  above  its  mouth. 

The  whole  amount  of  arable  land  on  the  White  .Biver  drainage,  an 
area  of  3,600  square  miles,  is  174  square  miles,  an  area  by  no  means 
sufficient  to  use  up  all  the  water  brought  by  the  stream. 

22  a 
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TAMPA  SIYSB. 

The  Yampa,  with  its  branch,  the  Little  Snake,  makes  a  rather  more 
&vorable  showing.  This  stream  heads  in  Egeria  Park,  opposite  the 
head  of  Egeria  Creek.  It  flows  nearly  north  for  about  thirty  miles, 
then  tnms  abruptly  to  the  west,  and  holds  a  tolerably  straight  coarse 
to  its  mouth.  William's  River,  Elkhead  River,  and  the  Little  Snake  are 
its  principal  branches. 

The  drainage  area  of  the  Yampa  is  5,900  square  miles.  It  includes 
the  Park  and  Elkhead  Mountains,  which  occupy  the  eastern  part  of  the 
drainage  area.  Besides  these  mountains,  the  country  is  generally  made 
up  of  plateaus,  somewhat  broken  and  irregular.  The  ^ads  of  most  of 
the  tributaries  are  dry  the  greater  part  of  the  year. 

The  arable  areas  of  this  system  are  located  on  the  main  stream.  Sage 
Creek,  William's  River,  and  the  Little  Snake,  and  on  the  first  and  last 
are  of  the  most  importance.  The  total  amount  of  arable  laud  is  319 
square  miles.  * 

From  Egeria  Park  to  the  month  of  Sage  Creek  there  extends,  with 
two  short  interruptions,  a  strip  of  arable  land  of  width  varying  from 
one  to  five  miles.  About  the  month  of  Oak  Creek  there  is  a  broad  ex- 
panse of  arable  land,  extending  some  distance  up  Oak  Creek  and  other 
small  branches  in  that  neighborhood.  Sage  Creek  waters  a  small  area 
of  valley,  up  which  passes  the  road  from  the  Middle  Park  to  the  Yampa 
River.  On  the  main  Tampa  a  narrow  strip  extends  down  the  river 
about  twenty  miles  from  the  town  .of  Hayden,  with  a  branch  running 
five  or  six  mUes  up  the  Elkhead  River.  Below  this  the  river  is  in 
canon  for  twenty  miles,  then  opens  out  into  a  short  valley,  and  agaia 
into  a  larger  one,  extending  nearly  down  to  the  mouth  of  the  Little 
Snake. 

The  Little  Snake  has  two  good-sized  valleys.  One,  at  its  mouth, 
extends  about  ten  miles  up  the  stream,  with  an  average  width  of  two 
miles.  Twelve  or  fifteen  miles  above  its  head  the  canon  opens  agaia 
into  a  valley,  averaging  three  miles  in  breadth  and  twenty-five  miles  in 
length  within  the  State. 

,The  Yampa  was  gauged  about  the  middle  of  November,  at  the  foid 
of  the  wagon-road  from  the  White  River  agency  to  Rawlins,  and  was 
found  to  carry  364  cubic  feet  per  second.  This  was  at  nearly  the  lowest 
stage  of  water,  and  indicates  an  abundance  of  water  in  the  irrigating 
season  for  all  the  land  which  can  be  reached.  No  definite  data  concern- 
ing the  fall  of  the  stream  aro  accessible,  but  it  is  known  to  be  amply 
sufficient  to  take  the  water  over  any  ground  suitable  for  cultivation. 


CHAPTER  IV. 


IBBIOATION  IN  COLORADO. 

IBBIOATION  DITCHES. 

At  present,  in  Oolorado,  most  of  the  irrigating  ditches  are  built  by 
companies,  who  sell  the  water  by  the  ^'  inch  "  to  the  ranchmcD.  Mach. 
iiri^tion,  also,  is  done,  on  a  small  scale,  by  individual  ranchmen,  and 
a^Q,  by  co-opMeratioD,  several  large  ditches  have  been  made,  and  con- 
siderable areas  of  land  placed  nnder  irrigation.  I  have  succeeded  in 
obtaining  the  details  of  construction  of  several  of  the  largest  of  these 
ditches. 

The  Platte  water  canal  is  24  miles  long,  extending  from  the  foot  of 
the  canon  of  the  South  Platte  to  Denver.  Its  original  width  at  the 
head  was  10  feet,  and  depth  of  water  2  feet,  gradually  decreasing  in  size 
as  it  neared  the  city.  It  has  since  been  enlarged  to  a  head  width  of  30 
feet  and  depth  of  3  feet.  Th^  slope  ranges  from  6  feet  to  18  inches 
U^er  mile. 

Capt.  E.  L.  Berthond,  of  Golden,  Oolo.,  has  sent  me  the  following 
.statistics  concerning  the  Greeley,  Evans,  and  Golden  ditches : 

Oredey^  north  side  of  the  Cache  la  Poudre. — The  Big  Greeley  ditch  takes 
water  from  th^  Oache  la  Poudre  Eiver.  It  is  36  miles  long.  At  its 
head  it  is  25  feet  wide  on  the  bottom,  diminishing  to  15  feet  in  width  at 
Greeley.  At  its  head  it  has  3^  feet  depth  of  water,  which  is  diminished 
to  3  feet  at  Greeley.  For  the  first  22  miles  the  slope  is  3^  feet  per  mile, 
with  2^  feet  for  the  remainder  of  its  course.    The  cost  was  $66,000. 

Oredey  ditch,  on  the  south  side  of  the  Cache  la  Poudre. — ^This  ditch  is  11 
nules  long,  12  feet  wide  at  bottom.  The  side-slopes  are  1  to  1.  Depth  of 
water  2^  feet.    The  cost  was  $15,000. 

Emns. — The  town  ditch  is  5  miles  long,  6  feet  wide  on  bottom,  side 
slope  1  to  1.  Water  is  2  feet  deep.  Slope  of  bed,  2}  feet  per  mile.  Cost 
was  $4,800. 

The  Big  Eeam  diteh^  on  the  south  side  of  the  South  Platte  Biver.—The 
length  of  the  main  trunk  and  branches  is  45  miles.  The  main  ditch  is 
10  feet  wide  at  bottom ;  the  water  is  from  2  feet  to  1^  in  depth.  Side 
6}ope  1  to  1.    Grade,  5  feet  4  inches  per  mile.    Cost,  $23,000. 

Oolden. — The  town  ditch  is  G  miles  long,  6  feet  wide  on  the  bottom, 
with  20  inches  depth  of  water,  and  a  grade  of  10^  feet  per  mile.  The  cost 
was  $17,000. 

The  following  sketch  of  the  modus  operandi  of  irrigation  at  Greeley, 
Colo.,  written  by  Mr.  N.  0.  Meeker,  of  the  Greeley  Tribane,  describes 
the  best  example  of  irrigation  in  Colorado,  if  not  in  the  West : 

*^  The  system  of  irrigation  established  at  Greeley  is  different  from  any 
other  in  the  world,  particularly  in  regard  to  the  right  to  water.  The 
valley  of  the  Cache  la  Poudre,  in  which  Greeley  is  situated,  was  located 
and  settled  by  the  Union  colony,  composed  of  only  600  members,  mostly 
heads  of  families.  The  location  and  purchase  of  the  land  was  made  by 
a  committee,  the  president  of  which  had  control  of  a  common  fund, 
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amoQuting  to  over  $100,000.  With  a  portion  of  this  money  the  land 
was  bought,  and  with  another  portion  the  irrigating  canals  were  cod- 
Btnicted  and  a  fence  built  around  the  whole  domain,  a  distance  of  45 
miles.  A  canal  10  miles  long  waters  the  town  and  suburban  property, 
being  15  feet  wide  and  2J  deep.  It  lies  on  the  south  side  of  the  Cache 
la  Poudre.  The  other  canal  is  36  miles  long,  22  feet  wide,  and  5  feet 
deep.  As  these  canals  were  paid  for  out  of  a  common  fund,  the  right 
to  use  water  is  attached  to  the  fealty  or  to  the  soil,  always  being  desig- 
nated by  the  proper  subdivisions  of  the  section  and  township.  The 
price  originally  attached  to  a  water-right  was  $150,  but,  enlargements 
having  been  made,  the  cost  has  been  added,  and  now  the  price  is  aboat 
$300.  There  is,  therefore,  no  charge  made  for  the  use  of  water,  bnt 
tfaere  is  an  annual  charge  for  superintendence  and  repairs,  usuaUy  about 
25  cents  an  acre  per  annum.  All  other  canals  in  the  State  are  owned 
by  companies,  and  the  charge  for  water  per  acre,  for  one  season,  is  tl^ 
to  $2,  so  that  the  cost  of  water  for  a  year,  for  160  acres,  is  more  than  a 
whole  water-right  in  the  Greeley  canal.  Now,  while  a  water-right  is 
attached  to  a  particular  piece  of  land,  as  above  stated,  it  is  permitted 
that  the  owner  of  a  right  may  transfer  his  water  to  another  piece  of  land 
for  one  season,  or  sell  it  for  the  same  time  to  another  farmer,  the  price 
being  from  $20  to  $30,  but  increasing  year  by  year.  The  volume  of 
water  which  a  water-right  carries  has  been  about  40  inches,  delivered, 
say,  under  6  inches  pressure,  and  this  one  right  will  water  40  acres,  that 
is,  an  inch  to  the  acre.  But  as  the  average  size  of  farms  is  80  acres,  a 
farmer  either  owns  two  rights,  or  hires  another,  or  as  frequently  ex- 
changes.  Thus  farmers  on  a  common  lateral  agree  that  one  farmer  shall 
have  the  use  of  half  a  dozen  water-rights  for  one  day,  or  two  days,  then 
another  farmer  will  take  the  same  body  of  water,  and  so  around,  whereby 
an  immense  volume  of  water  is  obtained  and  a  large  area  is  more  ex- 
peditiously irrigated  than  Sk  smaller  one  would  be  in  proportion.  This 
arrangement  works  extremely  well ;  indeed,  the  plan  of  making  water 
nearly  as  transferable  as  a  horse  adds  immensely  to  the  capacity  of  the 
stream  itself. 

When  irrigation  first  commenced  great  difficulty  arose  in  dividing 
water,  for  those  living  along  the  upper  part  of  the  canal  got  most  water; 
much  of  the  time  those  living  at  the  lower  end  got  none,  and  disputes 
and  complaints  \^ere  general }  nor  could  any  light  be  had  on  the  subject 
from  those  who  had  been  irrigating  elsewhere  long  before.  This  is  a 
difficulty  that  seems  general  even  in  southern  Europe  and  in  Oriental 
countries. 

To  J.  Max  Glark,  of  Oreeley,  are  the  people  indebted  for  a  device  which 
settles  the  whole  question  in  an  entirely  satisfactory  manner.  Thus: 
The  flumes  from  which  water  is  admitted  into  the  laterals  are  set  down 
to  the  level  of  the  canal,  and  being  about  12  feet  long  and  from  1  foot 
to  3  feet  wide,  they  reach  clear  across  the  embankment.  A  gate  set  at 
a  fixed  uniform  height  admits  the  water  from  the  canal,  and  thus  a 
body  of  still  water  of  a  fixed  depth  is  presented,  and  from  this  still  wa- 
ter a  gate  on  the  field  side  is  opened  as  high  as  will  supply  the  number 
of  water-rights  claiming  below.  The  rate  or  volume  for  each  man  is 
ascertained  first  by  measuring  the  amount  which  the  canal  carries^ 
and  dividing  this  by  the  number  of  water^rights,  whereby  the  whole  of 
the  water  is  used  and  each  man  on  the  canal  gets  his  proper  share.  In 
a  similar  way  farmers  divide  water  at  their  fields  from  a  common  lateral. 
This  principle  for  dividing  water  has  been  repeatedly  demonstrated  to 
be  correct ;  perhaps  the  best  proof  is  the  unusual  satisfaction  which  it 
gives.    At  each  flume  a  nottce  is  posted  which  indicates  who  have  a 
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right  to  water  below,  and  if  a  man  has  Dot  settled  his  assessment  or  tax, 
he  can  have  no  water.  At  first  locks  were  placed  on  the  gates,  but  their 
use  has  been  abandoned,  because  if  a  man  shonld  draw  more  than  his 
share,  the  superintendent  wonld  qnlckly  detect  it  by  the  gauge  or  fig- 
ures on  the  lower  gate ;  besides,  when  a  man  knows  that  he  is  getting 
▼hat  belongs  to  him,  he  is  restrained  by  a  sense  of  justice,  and,  more- 
ever,  the  State  laws  are  as  strict  in  regard  to  stealing  water  as  to  any 
other  property.  Only  one  suit  was  entered,  and  that  was  abandoned 
vpbn  the  man  agreeing  to  reform.  It  is  to  be  noted  that  whenever  a 
division  of  water  is  made,  a  definite  amount  is  allowed  for  wastage  by 
evaporation  and  soakage.  This  is  about  50  per  cent,  which  is  found 
to  be  so  nearly  correct,  that  the  amounts  allowed  to  300  farmers  from 
15,000  inches  of  water  are  as  accurate  as  divisions  of  ponderable  bodies 
could  be. 

During  the  height  of  the  irrigating  season,  a  period  of  two  months, 
two  superintendents  traverse  the  canal  from  end  to  end  daily,  as  if  they 
were  police,  and  one  man  is  constantly  on  duty  at  the  head  gate  to  guard 
the  dam  and  other  works;  for  when  the  snow  in  the  mountains  is  melt- 
ing rapidly,  the  river  is  bank-fuU. 

The  fall  of  the  large  Greeley  canal  is  3^  feet  per  mile,  which  is  too 
iDQch  by  18  inches.  The  current  is  so  extremely  strong,  that  it  is  forded 
hy  teams  with  difficulty. 

Gardens  require  irrigating  once  a  week  through  the  season ;  corn  is 
watered  three  or  four  times  by  letting  the  water  run  through  alternate 
rows;  potatoes  are  watered  twice,  and  that  quickly,  for  much  moisture 
is  fatal  to  them ;  wheat  and  other  small  grains  have  two,  sometimes 
three,  irrigations,  and  the  whole  ground  is  covered  with  water.  To 
raise  a  crop  of  wheat,  it  is  required  that  with  the  rain-fall  of  spring,  com- 
bined with  the  irrigations,  sufficient  shall  be  applied  to  cover  the  ground 
all  over  a  foot  deep.  Water  is  let  into  the  highest  part  of  a  field  by 
broad,  shallow  dit<ches,  which  overflow.  Some  farms  at  Greeley  lie  so 
favorably  and  the  arrangement  of  ditches  is  so  proper,  that  water  is  let 
on  at  sundown  in  a  huge  volume,  and  it  proceeds  onward  from  ditch  to 
ditch  through  the  green  standing  grain,  in  appointed  courses,  and  by 
sunrise  80  or  100  acres  will  be  covered  with  water,  without  any  help, 
when  the  gates  are  closed  and  other  work  is  done. 

COST  OF  IBBIGATION. 
(From  a  paper  in  AgrioQltnral  Beport,  1871.) 

In  Boulder  Gounty  the  cost  is  from  5  to  10  cents  per  acre  each  season, 
besides  the  first  cost  of  a  share  in  the  works,  which  is  from  $50  to  $100 
each.  The  cost  of  repairs  in  the  main  ditch  is  paid  by  a  tax  on  the 
shareholders,  usually  amounting  to  about  $5  a  year.  The  laterals  are 
owned  by  individuals  and  built  at  their  own  expense. 

The  charges  of  the  principal  ditch  companies  for  water  through  the 
season  are  as  follows : 

Per  inch. 

Platte  Water  Canal  Gompany $3.00 

Table  Mountain 1.50 

Fanners'  ditch,  JeflTerson  Gounty 1. 50 

Balstou  Greek  Ditch  Gompany 3. 00 

BESEBYOmS. 

By  storing  the  water  which  now  runs  to  waste  in  spring  floods,  and 
utilizing  it,  a  much  larger  area  of  land  can  be  brought  under  cultivation. 
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The  streams  ran  fall  during  the  latter  part  of  May  and  tbe  most  of  Jane. 
The  rise  takes  place  more  or  less  suddenly,  corresponding  with  the 
rapidity  of  the  melting  of  the  snow  in  the  mountains.  After  remainiDg 
at  flood  height  not  more  than  a  mouth,  the  streams  begin  to  decrease 
in  volume,  at  first  rapidly,  then  more  gradually  as  the  summer  and  fall 
advance.  The  lowest  stage  of  the  water  is  in  November  and  Decem- 
ber. 

None  of  the  streams  of  Colorado — and  the  same  may  be  said  of  all 
streams  of  the  West  except  the  Colorado  and  Columbia— <)arry  sufficient 
water  to  warrant  the  construction  of  large  works  in  the  form  of  reser- 
voirs and  irrigating  canals.  Several  stupendous  enterprises  of  this  sort 
have  been  projected  in  Colorado,  but  fortunately  neither  governmeDt 
nor  private  capitalists  have  been  induced  to  risk  money  in  any  sacli 
schemes. 

The  first  of  these  in  point  of  magnitude  is  proposed  by  Prof.  Cyras 
Thomas,  and  incorrectly  attributed  to  this  Survey.  The  author  describes 
it  as  follows:  ''  My  plan  is  to  throw  up  an  embankment  running  Dorth 
and  south  from  the  Arkansas  to  the  North  Platte,  carving  east  and  west, 
so  as  to  follow  a  contour.  Then,  by  throwing  dams  acioss  the  streams, 
turn  the  water  into  this  reservoir.  •  •  •  An  embankment  or  wall, 
averaging  30  to  40  feet  in  height,  would,  as  the  average  slope  hen  is 
about  6  feet  per  mile,  form  a  lake  6  to  8  miles  wide  and  200  miles  long. 
This  would  give  a  surface  of  some  1,200  square  miles.  •  •  •  This 
would  irrigate  from  12,000  to  14,000  square  miles."  He  proposes  toboikl 
it  on  the  east  line  of  Colorado.  This  is  truly  a  magnificent  scheme,  and 
one  worthy  to  be  ranked  with  the  Chinese  wall  and  other  expensive  fol- 
lies of  which  tbe  world  has  been  guilty.  The  difficulty  would  be  to  get 
water  for  the  reservoir.  The  total  annual  amount  of  water  which  the 
three  rivers,  the  Arkansas  and  the  North  and  South  Plattes,  coald  pos- 
sibly deliver  at  the  reservoir,  even  were  none  of  it  used  above  for  irri- 
gation, would  be  73,873,000,000  cubic  feet,  an  amount  sufficient  to  make 
a  depth  of  only  about  2  feet  in  the  reservoir.  Now,  as  evaporation  in 
that  climate  is  at  the  rate  of  5  or  6  feet  annually,  and  the  greater  part 
of  this  in  the  summer,  it  can  easily  be  seen  that  but  a  small  part  of  the 
^'12,000  to  14,000  square  miles''  will  have  any  chance  of  getting  irri- 
gated; indeed,  it  would  be  difficult  to  keep  the  bottom  of  the  reservoir 
moist. 

Other  plans  are,  in  effect,  to  take  the  Arkansas  and  South  Platte 
from  their  beds  at  the  foot  of  the  caiion  of  each  stream  and  carry  them 
over  to  the  Arkansas  divide  bodily.  The  question,  cut  bono  t  is  sof- 
ficient  answer  to  these  schemes.  There  is  far  more  than  sufficient  good 
land  in  the  immediate  neighborhood  of  these  streams  to  use  up  all  the 
water  which  they  deliver  annually.  There  is  no  necessity  whatever  for 
carrying  the  water,  in  any  case,  more  than  10  miles  from  the  river. 
Other  things  being  equal,  the  water  should  be  used  near  the  mountaiDS, 
to  avoid,  as  far  as  possible,  loss  by  evaporation  and  sinUng. 

I  should  favor  the  plan  of  making  a  number  of  smaller  reservoirs  in 
the  bottom  lands.  There  are  many  places  on  the  Arkansas  and  Sooth 
Platte  where,  by  the  approach  of  the  river  bluffs  to  the  stream  on  both 
sides,  a  dam  conld  be  built  to  connect  them,  at  slight  expense,  and  thus 
a  considerable  body  of  water  imprisoned  until  needed.  A  snccession 
of  these  along  the  streams,  placed  where  the  local  topography  and  tbe 
'  needs  of  the  land  require,  would  serve  the  purpose  of  utilizing  all  the 
water  which  is  annuaUy  sent  down  from  the  mountains. 

Asa  favorable  place  to  build  a  large  reservoir,  in  which  all  tbe  water 
of  the  Arkansas  might  be  stored,  I  will  mention  a  small  valley  in  the  mid^ 
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of  the  canon  of  that  river,  koown  as  Pleasant  Yalley.  It  is  abont  10 
miles  long  by  3  in  average  width.  The  river  passes  through  it,  cutting 
its  way  oat  through  a  gap  bat  a  few  rods  in  width,  having  vertical 
iralls  several  hundreds  of  feet  in  height.  At  this  point  it  could  easily  be 
dammed  and  the  water  drawn  off  as  needed  by  the  channel  of  the  river. 

A  very  &tvorsble  point  for  forming  a  large  reservoir  on  the  Bio 
Grande  is  near  the  foot  of  San  Luis  Yalley,  where  the  river,  from  flow- 
ing with  a  gentle  carrent  down  the  valley,  nearly  on  a  level  with  its 
general  surface,  suddenly  runs  into  a  narrow  passage  between  two  per- 
pendicular walls  of  basalt.  A  dam  at  this  point  would  collect  all  ^he 
water  which  the  stream  would  annually  bring  down,  but,  owing  to  the 
very  flat  8arfac^  of  the  valley,  the  water  would  spread  over  a  great  area 
and  the  reservoir  be  proportionally  shallow,  and  hence  a  large  part  would 
be  wasted  by  evaporation. 

It  is  unnecessary  to  dwell  further  on  this  subject  of  reservoirs,  as  the 
necessity  for  them  is  far  in  the  future. 
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eiposed  location,  presupposes  severe  winters,  and  makes  it  doabtfal 
whether  cattle  can  winter  there. 

The  San  Juan  area  presents  very  little  good  grazing  land.  Along^ 
the  south  foot  of  the  La  Plata  Mountains  there  is  a  narrow  strip  of  fine 
park -like  country,  with  undulating  broken  surface,  covered  with  bunch- 
grass  and  groves  of  heavy  timber.  In  the  hills  between  the  Bios  Animas, 
PinoB,  aud  Piedra,  this  strip  spreads  out  to  a  considerable  width,  and 
becomes  of  considerable  importance.  Its  elevation  ranges  from  7,000 
to  9,000  feet,  and  from  its  sheltered  position,  would  make  a  safe  winter 
range  for  stock.  A  similar  belt  of  pasture-land  exists  at  the  foot  of  the 
mountaius  on  the  upper  waters  of  the  San  Juan,  Eio  Navajo,  and  Bio 
Blanco.  Aside  from  these  areas,  the  San  Juan  district  presents  only 
very  iudifferent  grazing  laud.  Mesa  Verde,  on  which  there  is  much 
good  grass,  has  practically  no  water  on  its  surface.  One  small  spring 
only  is  reported  to  exist  there.  The  Great  Sage  Plain  contains  a  little 
grass  among  the  sage  and  piiion'  pine,  but  water  is  so  extremely  scarce 
that  this  can  never  be  utilized.  A  small  portion  of  this  must  be  excepted 
from  the  general  condemnation,  that  lying  immediately  southwest  of  the 
group  of  mountains  known  as  El  Lat^,  between  the  Mancos  on  the 
south  and  the  San  Juan  on  the  west.  Here  the  grass  is  more  abund- 
ant than  elsewhere  on  the  Sage  Plain,  and  the  proximity  to  the  San 
Juan  supplies  that  desideratum,  water. 

Turning  now  to  the  middle  portion  of  Grand  Biver,  between  Middle 
Park  and  the  mouth  of  the  Gunnison,  we  find  pasture-land  of  an  in- 
different quality,  grading  here  and  there  into  excellent  grass  land,  on 
the  plateaus  at  the  foot  of  the  Park  Bange,  about  the  courses  of  the 
Grand,  Eagle,  and  the  lower  course  of  Boaring  Fork.  The  great  valley 
of  the  Grand,  at  the  mouths  of  North  Mam  and  Bifle  Greeks,  is  very 
poor  in  grass,  and  does  not  improve  farther  down,  where  it  is  narrowed 
between  the  North  Mam  Plateau  and  the  Boan  Oliffs.  The  broad  valley 
of  Plateau  Greek  and  the  lower  northern  slopes  of  the  Grand  Mesa  are 
fair  grazing  land. 

The  drainage  area  of  White  Biver  contains  less  heavy  timber  and 
more  grazing  land  in  proportion  to  its  size  than  any  other  such  area 
west  of  the  mountains.  The  high  plateaus  about  its  head,  which  reach 
in  many  places  to  the  timber-line,  are  mainly  covered  by  heavy  timber, 
with  some  patches  of  grass  of  considerable  extent.  West  of  this  the 
part  of  the  drainage  basin  on  the  south  side  of  the  river  consists  of  an 
inclined  plateau,  sloping  gently  to  the  river,  and  reaching  a  crest  above 
the  desert  valley  of  the  Grand,  before  mentioned.  This  is  the  Boan  or 
Book  Plateau.  Its  surface  is  much  cut  up  by  canons.  Every  stream 
or  dry  wash  flowing  to  the  White  carries  itself,  as  soon  as  possible,  far 
below  the  surface.  All  over  this  surface  grass  is  abundant,  interspersed 
with  sage,  pinons,  and,  near  the  crest,  a  little  qnaking  aspen,  spruce, 
and  pine.  Water  is  scarce  and  not  easy  to  reach.  Douglass  and  Pi- 
ce-ance  Greeks  are  constant  streams,  but  the  others  cannot  be  relied  on. 
On  and  near  the  crest  springs  of  excellent  water  are  found  at  intervals. 

Simpson's  Park,  in  which  the  White  Biver  agency  is  located,  contains 
a  small  area  of  fine  meadow-land.  All  the  hay  for  the  use  of  the  agency 
is  now  cut  there. 

North  of  this  little  valley  the  hills  between  the  White  and  the  Yampa, 
known  as  the  Danforth  Hills,  are  covered  with  good  pasturage  on 
both  slopes.  West  of  these  hills  the  country  between  the  White  and 
Yampa  is  a  series  of  broken  plateaus,  almost  waterless,  and  desert ;  m 
some  places  there  is  a  little  grass  among  the  sage  but  the  country  is 
mainly  covered  with  sage  and  piiion  pine. 
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The  Yam  pa,  from  its  head  in  Egeria  Park  down  to  the  mouth  of 
William's  Fork,  is  bordered  on  the  west  and  sooth  by  a  bro^  strip 
of  pastare-land  of  excellent  qnality.  On  the  north  side  of  this  river, 
und  east  of  the  Little  Snake,  the  whole  country,  from  the  foot  of  the 
Park  apnd  Blkhead  Mountains,  consists  of  plateaus  with  rolling  surface 
and  little  timber.  These  plateaus  are  mainly  covered  with  sage,  among 
wbic^  is  much  excellent  grass.  The  quality  of  the  pas^'urage  varies 
greatly,  being  poorest  in  the  interior  of  this  area  and  best  near  the 
margin,  at  tbe  foot  of  the  mountains,  and  in  the  neighborhood  of  the 
rivers.  These  plateaus  are  too  high  and  exposed  to  serve  as  a  winter 
range,  but  in  the  valleys  of  the  Yampa  and  Snake  there  is  sufficient 
pasturage  for  the  winter  for  large  herds. 

West  of  the  Little  Snake  the  country  is  very  similar  to  that  last  de- 
scribed ;.  indeed,  the  above  remarks  will  apply  equally  well  to  this  area. 
The  Escalante  Hills  are  well  covered  with  heavy  timber. 


REPORT  OF  GEORGE  B.  CHITTENDEN,  C.  E..  TOPOGRAPHER  OF 

THE  WHITE  RIVER  DIVISION,  1876. 


LETIEB  OF  TBANSMITTAL. 

WASHiNaxoN,  D.  0.,  February  15, 1878. 

Sir  :  Herewith  I  transmit  my  report  of  the  topographical  work  done 
by  the  party  under  my  direction  daring  the  season  of  1876  in  the  White 
Biver  district. 

The  country  surveyed  was  almost  entirely  unknown,  and  our  work  is 
found  to  be  of  a  radically  different  character  from  what  had  been  gener- 
ally supposed.  Aside  fh>m  its  geographical  importance,  there  was  in  it 
bat  little  of  scientific  interest.  I  have  therefore  confined  myself  princi- 
pally to  a  diescription  of  the  surface  characteristics,  and  the  coarse  pur- 
sued by  as  iu  working  the  district. 

Our  headquarters  for  the  season  were  made  at  the  White  Biver  IJte 
Indian  Agency.  I  wish  to  express  through  you  my  hearty  thanks  to 
the  agent,  Mr.  Danforth,  and  his  wife,  for  the  universal  kiudness  and 
hospitality  with  which  we  were  received,  and  for  the  many  favors  which 
they  were  able  to  extend  to  us. 

Trusting  that  the  results  of  the  season's  work  may  prove  satisfactory, 
I  remain  your  obedient  servant, 

GEORGE  B.  CHITTENDEN. 

Dr.  P.  V.  Haydbn, 

United  States  OeologUt  in  charge. 
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The  White  Biver  Division  left  Cheyenne  by  rail  for  Bawlins  station 
on  the  14th  of  Aagast.  It  consisted,  besides  myself,, of  Dr.  Endlich. 
geologist,  Mr.  E.  N.  Dickerson,  barometric  observer,  two  packers,  ana 
a  cook ;  I  myself  doing  the  topographical  work.  All  the  animals,  in- 
straments,  and  pack  outfit,  together  with  oar  two  and  a  half  months' 
supply  of  provisions,  having  been  shipped  as  freight,  we  were  obliged  to 
remain  over  one  day  at  Bawlins  before  beginning  our  march  to  the 
White  Biver  Indian  agency,  the  point  selected  as  headquarters  for  the 
season. 

The  area  assigned  ns  lay  to  the  south  and  west  of  the  agency  and  con- 
sisted of  a  narrow  belt  of  country,  bounded  on  the  south  by  the  *^Book 
cuffs"  and  on  the  north  by  White  Biver.  On  the  east,  the  line  was  the 
western  limit  of  Mr.  Marvine's  work  of  1874,  while  the  western  line  was 
the  meridian  of  109^  3(y  west  longitude.  These  limits  enclosed  about 
3,000  square  miles. 

The  march  from  Bawlins  Springs  to  the  White  Biver  agency  occupied 
nine  days,  as  the  pack  animals  were  necessarily  heavily  loaded.  We 
were  therefore  unable  to  begin  our  work  until  the  27th  of  August. 

GRAND  HOaBACK. 

On  that  day  we  occupied  Mr.  Ladd's  Station  29  of  1874,  in  order  to 
connect  our  triangulation  with  that  done  by  him. 

This  station  lay  about  four  miles  southwest  of  the  agency  and  was 
made  the  day  after  our  arrival  without  moving  camp.  The  following 
day  we  moved  to  the  south  in  the  direction  of  Grand  Biver,  continuing 
our  work  along  the  western  border  of  Marvine  and  Ladd's  district  of 
1874  and  connecting  our  topography  with  theirs.  The  route  travelled 
was  a  broad  and  well-worn  Indian  trail  which  led  through  a  continuous 
valley  at  the  eastern  base  of  a  line  of  hogback  hills,  which  extend  from 
White  Biver  to  and  across  the  Grand  in  an  uninterrupted  chain,  forming 
a  topographical  feature  so  remarkable  that  we  have  named  it  the 
^  Grand  Hogback  Bange."  This  Hogback  Bange  is  broken  three  times 
by  mountain  streams  flowing  down  against  it  from  the  east,  and  once  it 
is  broken  by  a  narrow  pass  through  which  at  present  but  little  water 
finds  its  way. 

All  of  these  breaks  or  gaps  are  walled  by  high  and  rugged  ca&on 
sides,  but  the  steepest  and  by  far  the  most  picturesque  is  the  third  from 
the  north.  A  very  considerable  stream  pours  through  this  gateway, 
and  although  its  flow  on  either  side  of  the  gap  is  comparatively  gentle, 
it  rushes  through  the  caiion  pass  with  ail  the  roar  and  thunder  of  a 
mountain  torrent,  adding  in  no  small  degree  to  the  grandeur  of  the 
scenery.  This  eanon,  although  short,  is  one  of  the  most  picturesque  in 
all  this  portion  of  Golorado.  At  the  head  of  the  canon  the  trail  forks, 
«and  one  branch,  passing  through,  leads  down  over  low  terraces  or  along 
the  side  of  the  stream,  through  a  broad  sterile  valley,  to  the  Grand 
Biver.  This  valley,  from  its  thick  carpeting  of  prickly-pears  and  other 
lo,w-growing  cactij  has  been  named  ^^  Cactus  Valley."   Considerable  por- 
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tions  of  it  can  be  readily  irrigated,  and  from  the  mild  climate  which  it 
mnst  possess  in  the  winter,  it  can  easily  be  seen  that  it  will  prove  availa* 
ble  for  agricnltural  parposes,  and  that  it  will  produce  many  crops  that 
it  is  impossible  to  raise  in  the  valley  of  White  Biver.  The  left-hand 
branch  of  the  trail  continues  southward  on  the  east  side  of  the  hogbacksi 
to  fork  again  some  six  miles  farther  on,  one  branch  leading  through  the 
already-mentioned  nearly  dry  pass  to  Cactus  Valley,  while  the  main  trail 
keeps  on  down  the  valley  without  interruption  to  the  Grand. 

On  the  east  side  of  the  hogbacks  and  nearly  opposite  the  dry  pass, 
inst  referred  to,  a  single  family  of  White  Biver  IJtes  has  made  its  home, 
having  occupied  for  many  years  the  same  sheltered  nook.  The  family 
consists  of  some  ten  or  fifteen  members,  and  the  settlement  is  known  at 
the  agency  as  the  ^'Old  Squaw's  Gamp,"  from  the  energetic  old  Indian 
woman  who  seems  to  be  its  leading  spirit  There  is  most  excellent 
bunting  in  the  immediate  vicinity  of  the  camp,  and  from  the  location 
the  winter  weather  experienced  must  be  mild.  This  femily  cultivates  a 
small  patch  of  ground,  and  possesses  a  herd  of  50  or  75  head  of  cattle 
and  an  equally  large  herd  of  ponies.  Although  these  people  are  still 
housed  in  the  traditional  tepee  or  tcicJc-e-up^  they  seem  to  have  virtually 
withdrawn  of  their  own  accord  from  the  nomadic  life  pursued  by  most 
of  the  tribe. 

On  both  sides  of  the  Grand  Hogback,  along  its  entire  extent,  there  is 
good  pasturage,  but  the  amount  of  arable  land  is  very  limited.  There 
are  but  two  points  which  seem  to  have  been  much  used  by  the  Indians  as 
camping  places.  The  highest  point  on  the  trail  leading  from  White 
Biver  to  Grand  Biver  is  7,733  feet  above  sea-level.  The  highest  measured 
point  in  the  Hogback  Bange  is  about  20  miles  south  of  White  Biver  and 
attains  an  altitude  of  9,311  feet  above  sea-level.  Seven  topographical 
stations  were  made  along  the  Hogback  Bange  and  to  the  east  of  it. 

ROAN  OR  BOOK  PLATEAU. 

Marching  through  the  range  near  the  headwaters  of  Pi-ce-anoe 
Greek,  we  entered  the  plateau  region  that  stretches  from  tho  hogbacks 
westward.  Where  Pi-ce*ance  Creek  cuts  throug}i  the  hogbacks  it  is  a 
stream  of  five  or  six  feet  width ;  but  the  amount  of  water  rapidly  dimin- 
ishes as  we  follow  its  course,  until,  at  a  point  some  six  miles  from  the 
range,  it  entirely  disappears. 

We  had  been  able  to  learn  absolutely  nothing  as  to  the  character  of 
the  district  which  we  now  entered.  From  the  north  and  east  it  had 
shown  only  as  an  undulating,  yellow  plateau,  apparently  treeless,  and 
cut  by  numerous  deep  washes  or  canons,  with  sloping,  grass-covered 
sides  of  the  same  yellow  hue.  From  the  south  no  idea  of  it  could  be 
obtained,  since  the  summit  of  the  plateau  was  entirely  invisible  from 
the  lowlands  of  Grand  Biver,  only  its  edge  showing  as  a  rugged,  inac- 
cessible, and  apparently  unbroken  line  of  bluffs,  upward  of  2,000  feet 
VI  altitude,  which  had  long  been  known  as  the  Boan  or  Book  Cliffs. 

Unable  to  find  any  encouraging  signs  of  water  on  the  summit  of  this 
unexplored  plateau,  but  knowing  that  it  was  absolutely  necessary  to 
our  work  that  the  party  should  visit  it,  we  followed  Pi-ce-ance  Greek 
until  its  bed  was  perfectly  dry,  and  then,  turning  up  one  of  the  dry 
gulches  to  the  left,  struck  for  the  head  in  the  hope  of  finding  running 
water  or  springs.  For  some  miles  we  followed  the  bed  of  the  stream, 
but,  toward  the  middle  of  the  afternoon,  were  forced  by  the  increasing 
ruggedness  of  the  caiion-walls  to  climb  out  and  take  our  course  aloDg 
the  summit  of  the  plateau,  marching  toward  the  head  of  this  dry  water- 
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course  between  two  of  its  principal  branches.  The  summit  of  the  pla- 
teaa  was  grass-covered  and  favorable  for  travelling,  rising  gradaally 
toward  the  southward.  It  was  almost  nightfall  when  we  reached  the 
heads  of  the  gullies,  but  here  we  found  small  groups  of  aspen  trees,  and 
by  descending  400  feet  into  the  caiions  found  little  trickling  streams  of 
pare  water.  The  canon  bottoms  were  too  narrow  for  camping  purposes 
as  well  as  inacessible  to  our  loaded  pack-mules.  We  were  therefore 
obliged  to  make  our  camp  on  the  summit  of  the  plateau,  and  carry  up 
by  hand  all  the  water  for  camp  purposes,  a  distance  of  400  feet.  We 
were  able  to  lead  down  our  tbirsty  animals  after  they  were  unloaded, 
enabling  them  to  drink.  Excellent  grass  was  abundant  all  over  the 
sammit  of  the  plateau,  and  we  were  well  satisfied  with  the  camp,  prom- 
ising, as  it  did,  the  easy  working  of  the  plateau  region,  which  formed  a 
considerable  portion  of  the  district  to  be  worked  during  the  season.  As 
we  followed  the  summit  of  the  plateau  in  the  days  following  we  found 
abundant  water  in  nearly  all  the  heads  of  the  Pi-ce-ance  drainage  and 
also  in  the  branches  of  Parachute  Greek,  a  stream  heading  opposite;  the 
former  flows  southward  to  Grand  Biver. 

After  live  days  spent  in  working  the  country  from  the  water  divide  of 
the  plateau,  always  travelling  on  well-beaten  Indian  trails,  we  again  de- 
scended to  JPi-ce-ance  Greek,  reaching  it  some  15  miles  below  the  point  at 
which  we  had  left  it.  We  then  followed  it  to  White  River  over  an  indif- 
ferently good  trail.  The  creek  where  we  reached  it  this  second  time  was 
qaite  a  considerable  stream,  winding  with  a  very  sluggish  flow  through 
a  sage-brush-covered  bottom-land.  It  would  perhaps  average  30  or  40 
square  feet  in  cross-section  and  was  not  readily  fordable  by  oar  pack- 
train.  Most  of  the  water  in  the  creek  was  supplied  by  two  or  three 
branches  from  the  northwest.  Pi-ce-ance  Greek  throughout  its  entire- 
drainage  area  has  very  little  wood  or  timber  of  any  description.  A  few 
patches  of  aspens  and  occasional  pines  near  its  heads,  and  a  few  piiions 
and  junipers  on  the  low  bluffs  near  its  mouth,  comprise  all  the  areas  of 
timber.  Kearly  everywhere  outside  of  the  canons  there  is  an  abundance 
of  good  grass. 

On  the  11th  of  September,  having  visited  the  agency  and  taken  up  a 
month^s  supply  of  provisions,  we  took  up  our  line  of  march  down  White 
Biver,  to  visit  and  work  up  all  the  western  portion  of  our  distrct. 
The  agency  is  located  on  White  Biver,  near  its  exit  from  the  moun- 
tains, at  the  head  of  a  series  of  open  parks  or  bottoms  which  con- 
tinue at  intervals  for  more  than  20  miles  below  the  agency  along  the 
course  of  the  river.  These  bottom-lands  are  in  places  nearly ^a  mile  in 
width,  all  easily  irrigable,  and  affording  many  thousand  acres  of  most 
excellent  arable  land.  Mr.  Danforth  had  cultivated  about  40  acres  of 
land  for  the  use  of  the  agency  and  was  raising  potatoes,  beets,  carrots, 
and  turnips,  besides  quite  a  large  field  of  oats.  White  Biver  has  ample 
irrigating  capacity  for  all  the  available  land  along  its  entire  length. 

Having  followed  down  White  Biver  for  about  40  or  45  miles,  we  left 
it  and  turning  southward  marched  toward  the  summit  of  the  plateau, 
np  an  even,  gentle  slope.  We  reached  the  summit  level  the  same  after- 
noon, after  travelling  about  20  miles  from  the  river,  and  were  surprised 
to  find  ourselves  on  the  edge  of  a  precipitous  cliff  which  continued 
impassable  for  a  distance  of  20  miles  north  and  south.  This  cliff  or 
blnff,  with  its  slopes,  was  at  least  2,000  feet  in  altitude  and  overlooked 
a  broad  area  of  low  country  drained  by  a  creek  which  later  was  named 
by  us  Douglas  Greek,  after  the  head  chief  of  the  White  Biver  IJtes.  The 
bluffs  were  named  Gathedral  Bluffs.  Following  the  bluffs  around  to  the 
south  and  west  we  again  reached  the  divide  between  White  and  Grand 
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BJvers  and  followed  it  to  the  westward,  always  finding  well-worn  trails, 
from  which  we  worked  the  topography  on  either  side  as  far  as  we  were 
able  to  reach. 

From  the  head  of  the  western  branch  of  Donglas  Greek  the  plateaa 
character  was  almost  entirely  lost,  often  affording  only  a  narrow  back- 
bone for  the  trail  to  follow,  while,  in  conseqaeuce  of  this,  water  became 
scarcer^  obliging  ns  on  three  occasions  to  descend  into  the  canons,  a  ver- 
tical distance  of  upward  of  2,000  feet,  with  the  whole  train,  to  find 
camping  places.  The  general  topography  of  the  conntiy  all  throagh 
this  part  of  the  district,  and  indeed  as  far  as  the  western  limit,  is  that  df 
the  narrow  ridge  already  spoken  of  as  extending  east  and  west  between 
the  lateral  drainage  of  White  and  Orand  Bivers,  respectively  ^  these 
lateral  branches  heading  against  the  ridge  opposite  each  other,  and 
flowing  in  deep  caiions  north  and  south. 

Onr  second  approach  to  White  Ei\:er  was  down  the  first  of  these 
lateral  streams,  westward  of  Donglas  Creek,  which  was  named  Evacua- 
tion Greek.  The  stream  has  more  or  less  water  in  all  its  numeroas 
heads,  but  all  the  upper  portion  of  the  main  stream  is  dry  for  a  distance 
of  at  least  12  or  15  miles,  when  the  bed  begins  to  show  signs  of  moist- 
ure, and  at  last  contains  a  small  running  stream  of  two  or  three  inches 
depth,  which  continues  uninterruptedly  to  its  mouth,  a  distance  of  nearly 
25  miles.  The  water  is  for  the  most  part  bitterly  alkaline,  utterly  uDfit 
for  human  use,  and  refused  in  any  quantity  by  the  animals.  The  water 
is  much  more  unpalatable  than  that  of  the  celebrated  Bitter  Creek  of 
the  Union  Pacific  Bailroad.  About  the  heads  of  this  creek  the  blnffs 
are  covered  with  a  rich  growth  of  grass,  and  the  canons  contain  both 
pines  and  aspens,  but  near  the  point  where  it  first  becomes  dry  the 
pines  give  way  to  junipers  and  piiions,  and  both  caiions  and  blnfis  are 
covered  with  their  scraggy  growth.  The  caiion  walls  are  only  a  few 
hundred  feet  high,  and  the  creek  bottom  is  broad  and  generally  covered 
with  a  growth  of  sage-brush.  As  the  mouth  of  the  creek  is  approached 
the  pinons  and  cedars  in  turn  give  way  to  a  growth  of  low  brown  grass, 
the  canon-walls  being  smooth  and  unbroken  and  attaining  a  height  of 
only  200  or  300  feet.  A  tolerably  good  trail  follows  the  entire  length  of 
the  stream. 

Between  the  mouths  of  Douglas  and  Evacuation  Greeks,  White  Biver 
is  in  a  close  cafion  which  falls  away  a  little  near  the  mouth  of  the  latter 
creek,  and  renders  the  approach  to  the  river  easy,  while  small,  open 
grassy  parks  dotted  with  huge  cottonwoods  afford  most  delightful 
camping-places  that  are  very  refreshing  after  the  desert-like  country 
that  lies  to  the  southward.  From  the  mouth  of  the  Evacuation  Greek, 
White  Biver  remains  in  canon  as  far  as  the  limits  of  our  work  carried 
us,  i.  e.,  very  nearly  to  its  mouth.  We  followed  the  riyer  through  this 
canon  four  short  day-marches,  and  found  the  greatest  difficulty  in 
getting  through,  being  sometimes  compelled  to  cross  the  river  four  or 
five  times  within  a  single  mile.  The  walls  of  the  White  Biver  Gaiion 
are  seldom  more  than  800  feet  in  height,  and  are  often  broken  awaj, 
especially  on  the  south  side,  into  the  most  grotesque  and  picturesqae 
forms,  giving  many  gigantic  representations  of  animals  and  human 
heads  and  figures,  all  ludicrously  full  of  action,  as  well  as  many  forms 
resembling  towers  and  other  grand  architectural  forms. 

We  worked  as  far  south  from  White  Biver  as  was  desirable,  and 
always  found  only  a  broken  desert  country  without  any  sign  of  water. 
There  is  no  considerable  drainage  entering  White  Biver  irom  either 
side  below  Evacuation  Greek  for  a  distance  of  30  miles,  when  we  reach 
a  fourth  main  lateral  branch,  which  was  named  Two- Water  Creek.   It 
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eaters  the  White  through  a  low-walled  cafion  of  only  about  300  feet 
depfchy  aod  at  its  mouth  has  no  water.  This  creek  being  very  near  our 
western  line,  we  left  the  White  Biver  at  its  junction,  and  marching 
up  the  stream,  a  third  time  sought  the  crest  of  the  plateau.  There  is  no 
good  trail  up  this  stream,  and  for  18  or  20  miles  not  the  least  sign  of 
vater.  The  sage-brush  in  the  valley  was  often  well-nigh  impassable 
even  by  saddle-animals,  owing  to  the  heavy  growth,  as  it  reached  to  the 
ehoolders  of  a  mounted  man.  After  marching  until  late  in  the  afternoon 
ve  came  to  the  principal  forks  of  the  stream,  about  25  miles  from  its 
Bootb,  and  there  found  water,  the  peculiarity  of  which  led  us  to  name 
tiieereek  '^  Two- Water.''  Down  the  left-hand  branch  came  a  little  rill  of 
water  which  at  the  junction  spread  out  into  shallow  lakes  or  pools  of  only 
cpe  or  two  inches  depth.  This  water  was  bitterly  alkaline,  while  the 
right-hand  branch,  although  containing  no  running  water,  had  along  its 
\  bed  numerous  pools  of  as  pure  water  as  could  be  desired  by  any  one. . 
The  pools  of  sweet  and  bitter  water  approached  within  five  or  ten  feet 
of  each  other,  retaining  all  their  marked  difterences  of  character. 

From  this  point  it  seemed  impossible  to  follow  the  valley  of  either 
branch  on  account  of  the  mire  and  sage-brush ;  so,  having  camped  at 
the  Junction,  we  next  morning  climbed  out  of  thecafLon  and  reached  the 
mmmit  of  the  plateau  between  the  forks  of  the  creek.  Finding  no  trail, 
we  nevertheless  had  very  good  travelling,  but  were  obliged  to  camp  after 
dark  near  the  summit  of  the  plateau,  with  only  a  little  pool  of  water  for 
oar  entire  supply,  and  this  utterly  inadequate  for  the  thirsty  animals. 
It  was  not  until  noon  of  the  following  day  that,  after  most  diligent 
search,  we  succeeded  in  finding,  on  the  Grand  Biver  side  of  the  divide, 
a  small  spring,  by  which  we  made  a  comfortable  camp  for  the  refresh- 
meot  of  ourselves  and  our  animals.  The  western  end  of  the  plateau  is 
&r  drier  than  the  eastern  portion,  and  although  we  saw  some  deer 
aioand  us,  we  were  unable  to  find  any  water  except  in  the  little  spring 
by  which  we  were  camped.  The  whole  country  is  exceedingly  dry,  and 
canons  a  thousand  feet  in  depth,  in  whose  dark  recesses  one  would  nat- 
urally expect  cool  running  streams,  were  universally  as  dry  as  dust. 

Biding  westward  from  this  camp,  along  the  summit  of  the  plateau,  I 
discovered  and  located  a  group  of  bitumen  springs,  visited  later  by  Dr. 
Peale,  and  carried  our  topographical  work  to  the  western  limit  of  the  dis- 
trict. Near  the  bitumen  springs,  later  in  the  season,  Mr.  Gannett  found 
Ik  spring  of  clear  water,  which  seemed  to  have  been  much  used  ^y  the 
Indians  as  a  campiog  place.  From  this  camp  we  turned  eastward  along 
the  divide,  which  is  here  merely  a  narrow  backbone,  which  on  the  south 
breaks  off  sharply  into  steep  bluffs,  and  on  the  north  sends  out  long 
tODgue-like  extensions  between  the  almost  numberless  canons  in  which 
Two- Water  and  Evacuation  creeks  head. 

After  ifiaking  numerous  stations  on  the  divide  as  we  marched  east- 
ward, we  finally  turned  for  the  last  time  toward  White  Eiver,  followiug 
down  the  main  western  branch  of  Douglas  Greek,  a  stream  not  followed 
before.  In  marching  northward  we  found  good  water  for  20  miles,  until 
^  point  near  the  vicinity  of  the  main  forks  was  reached,  where  running 
>^ater  ceased  and  thence  to  the  mouth  was  found  only  in  pools.  A  little 
earlier  in  the  season  there  is  probably  running  water  the  entire  length 
of  the  stream.  There  is  a  good  Indian  trail  the  whole  distance,  but 
grass  is  small  in  quantity,  the  valley  being  covered  with  grease- wood 
&nd  aage-brush  of  very  sturdy  growth. 

There  are  many  lateral  branches  of  Douglas  Creek,  all  coming  in 
through  rugged  litte  cations  of  300  to  500  feet  in  height,  and  all  utterly 
destitute  of  water.    The  valley  of  the  main  creek  is  often  half  a  mile  or 
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more  io  width,  nsually  limited  by  steep  blaffs,  being  in  no  place  of  a 
marked  cafion  form.  The  walls  become  less  well  defined  near  the  montlr, 
and  when  the  creek  at  last  approaches  the  White,  it  is  through  low 
terraces,  upon  a  broad,  open  bottom-land,  the  largest  in  the  entiit 
course  of  the  White,  with  perhaps  the  exception  of  Agency  Park.  Aa 
attempt  was  made  some  years  ago  to  start  a  colony  in  this  valley,  but 
for  some  reason  the  attempt  was  a  failure.  The  ground  is  now  withifl 
the  limits  of  the  reservation  for  the  Ute  Indians.  i 

Passing  down  the  river  through  this  valley,  we  entered  the  cafion  at 
the  White,  already  referred  to,  and  connected  the  work  with  that  don! 
before  from  the  mouth  of  Evacuation  Creek.  Then  turning  up  the  rival 
we  completed  the  remaining  small  unworked  portions  along  its  borden^ 
and  reached  the  agency  October  11,  having  in  forty-eight  working  dajl 
completed  the  topography  of  3,800  square  miles  of  country,  making  in  tbi 
course  of  the  work  41  main  topographical  stations,  besides  16  auxillai| 
ones,  and  travelling  1,000  miles  within  the  district. 

! 
RETURN  FROM^HE  FIELD. 

On  the  12th  of  October  our  party  left  the  White  River  ageDcy  ta 
return  to  the  East,  and  choosing  the  route  through  the  Middle  PariC 
instead  of  that  via  Bawlin's  Springs,  avoided  the  expense  and  troabie 
of  railway  shipment  This  route  formed  a  most  pleasant  line  of  march, 
abounding  as  it  did  in  wood,  water,  and  grass,  three  elements  of  oo0- 
fortable  camping  much  lacking  in  the  other  route.  The  extra  tiiM 
between  the  agency  and  Cheyenne  consumed  only  two  days. 

Dr.  Endlich  and  Mr.  Dickerson  left  the  party  at  Boulder  City,  wbilA 
I  remained  with  it  one  more  day  and  dismissed  the  men  and  animals  al 
the  upper  crossing  of  the  Big  Thompson  Biver,  that  they  might  proceed 
directly  to  Cheyenne,  while  I  completed  a  few  hundred  square  miles  on 
the  plains  bordering  the  mountains.  I  was  engaged  ten  days  in  work' 
ing  the  topography  of  this  additional  area,  living  at  the  towns  and 
settlements  as  I  came  to  them.  The  topography  was  very  simple,  and 
I  was  enabled  to  cover  800  square  miles  in  the  ten  days,  riding  aboot 
350  miles,  and  closing  the  season's  work  at  Denver  aboat  the  last  of 
October. 
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ELEVATION. 
IdBi  ofelevati&M  in  the  WhiU  Siver  district. 
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t,  vest  end  of  White  River  Plateaa  .... 

3,  west  end  of  the  White  RiYd^  PiAteen 

4,  Gnnd  HofctMMk  Bange 

9,  Gnnid  Hogback  Bence 

C  Elk  Creek  north  of  Hogback  Range . . 
7,  Roan  or  Book  Plateaa 


ffrtnn  8,  Roan  or  Book  Plateaa 


^ 9,  Roan  or  Book  Plateaa 

ilMlan  11,  Ra«n  or  Book  Plateaa 

9U6m  13,  bloif  on  eaat  eide  of  Pi>ee-anee  Creek 

Ijatfiiii  14,  botte  in  anfde  of  White  River  and  Pi-ce-ance  Creek. 

thjloa  16,  blaffon  eoath  aide  of  White  River 

iMioa  17,  north  of  Cathedral  Blaflb 

tedoB  18,  north  end  of  Cathedral  Blaflb 

ftttkn  M,  Twin  Bnttea 

BittkHi  86,  White  Face  Botte 

,  tetktt  »,  aoatb  of  TV'hite  River,  west  of  Asphalt  Creek 

Mitioo  31,  east  side  of  Two-Water  Creek 

Intian38,  between  forks  of  Two-Water  Creek 

tarton  34,  aommit  of  Roan  or  Book  Phkteaa 

nrtion  36,  Rabbit  Hllla 
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Gkiit  of  Roan  or  Book  Clifb  on  Grand  River,  below  Caotns  Valley 

fcmn  of  Roitn  or  Book  Plateaa  overlooking  Grand  River  Valley 

CMtos  VaDey  of  Grand  River 

'Wkite  lioantain 

hai  from  Flag  Creek  to  Riffle  Creek , 

Mflothof  Evacuation  Creek 

Hoatkof  Two- Water  Creek 

Arfci  of  Two- Water  Creek 
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TOPOGRAPHICAL  REPORT  ON  THE  YAMPA  RIVER  DISTRICT. 


CHAPTER   I. 

MABCH  FEOM  EAWLH^S  SPEINGS  TO  THE  WHITE  EIVEE 

AGENCY. 

According  to  instructioDS  the  Yampa  Division,  consisting  of  the  neces- 
sary assistants,  as  packers  and  a  cook,  and  accompanied  by  Dr.  G.  A. 
White,  geologist,  proceeded  on  the  19th  of  August,  187C,  from  Eawlins 
Springs,  Wjo.,  a  station  on  the  Union  Pacific  Eailroad,  to  that  por- 
tion of  Northwestern  Colorado  which  was  assigned  to  the  division  for 
geo^aphical  exploration.  This  district  is  sitaated  in  the  extreme 
northwestern  corner  of  Colorado.  It  embraces  an  area  of  3,000  sqnare 
miles,  and  extends  from  parallel  38o  58'  fifty  miles  north  to  parallel 
40O  30^,  and  from  the  White  Eiver  agency,  sitaated  in  longitude  107^ 
4B'j  westward  to  longitode  109^  30',  or  25  miles  across  the  western 
bonndary  of  Colorado. 

More  popularly  expressed,  the  country  may  be  described  as  lying 
between  the  White  and  Yampa  Elvers,  and  between  the  White  Eiver 
Ute  agency  and  Green  Eiver,  where  it  is  flowing  in  the  Wonsits  Valley. 

The  nearest  and  most  practicable  route  for  reaching  the  most  eastern 
points  of  the  district  in  order  to  enable  us  to  make  geodetic  connections 
with  the  work  of  previous  years,  was  in  a  southwestern  direction  and 
over  the  plateau  country  which  lies  between  the  Union  Pacific  Eailroad 
and  the  Snake  Eiver,  a  distance  of  80  miles  by  the  trail  which  was 
selected.  We  succeeded  in  making  the  distance  to  Snake  Eiver  in  four 
days-marches,  which,  considering  the  usual  breaking-in  of  the  pack-ani- 
mals, which  for  some  time  have  been  unaccustomed  to  the  performance 
of  disciplined  work,  may  be  considered  as  successful  marching.  For  16 
miles  southwest  of  Eawlin's  Springs  we  had  the  advantage  of  a  tolera- 
ble good  road,  although  it  led  through  an  arid  country  of  forbidding 
aspect.  Its  dryness  and  destitution  of  any  kind  of  vegetation  save  sage 
and  occasional  bunches  of  grease- wood  rendered  it  exceedingly  desolate. 

Leaving  this  region  we  ascended  the  high  plateau,  which  towards  the 
north  and  east  presents  blofiy  faces,  rising  from  800  to  1,000  feet  above 
the  general  level  of  the  surrounding  country.  This  high  plateau  extends 
to  within  a  few  miles  of  Snake  Eiver,  but  it  is  continuous  to  the  west- 
ward of  that  river.  It  is  one  of  the  most  fertile  grass  plateaus  of  all  the 
West  that  have  come  under  my  observation.  It  is  well  watered  and 
abounds  in  game,  principally  antelope. 

The  Snake  Eiver*  presents  a  fine  valley  at  the  point  of  our  crossing. 
It  is  a  splendid  clear- water  stream  of  75  feet  in  width,  and  from  15  to  18 
inches  in  depth.  Its  velocity  is  considerable,  and  for  a  distance  of  10 
miles  there  are  some  excellent  bottom-lands,  together  with  magnificent 

*Tbis  river  ought  to  bo  called  the  Snake  River  of  the  East,  to  distiDguish  it  from  the 
eieat  South  Fork  of  the  Columbia,  which  is  also  named  Snake  Kiver,  a  name  derived 
Som  the  Shoshone  or  Snake  Indians  who  inhabit  the  country  near  its  source. 
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Cottonwood  groves.    We  found  aloDg  tbis  stream  settlements  of  appar- 
ently well  located  and  Buccessfal  farmers. 

Southeast  from  our  point  of  crossing  the  Snake  Biver,  rise  the  Elk- 
head  Mountains,  a  formidable  range  with  numerous  sharp  peaks  and  a 
deeply  eroded  drainage  system.  We  followed  an  Indian  trail  for  10  miles 
through  a  desolate  rolling  country,  and  then  reached  the  government 
wagon-road  leading  to  the  White  Biver  agency.  This  road  meanders 
around  the  western  flank  of  the  Elkbead  Mountains.  While  the  forest- 
clad  mountains  to  our  left  rose  with  majestic  grandeur,  affording  a  highly 
pleasing  aspect,  the  country  to  our  richt,  on  the  contrary,  consisted  of 
a  high-rolling,  monotonous  sageprairi^  with  no  distinct  chanicteristics 
as  to  orographic  features.  The  road  keeps  close  to  Fortification  Creek 
after  crossing  a  low  divide  which  connects  the  undulating  sage-plateaa 
with  the  Elkbead  Mountains.  This  creek  rises  in  the  mountains  to  the 
eastward,  and  contains  for  many  miles  tolerably  good  water,  bat  in 
approaching  the  terraced  country  bordering  the  Yampa  Biver  on  the 
north,  the  water  assumes  a  very  brackish  character  owing  to  its  coming 
in  contact  with  many  alkaline  deposits. 

For  many  miles  north  of  the  Yam  pa  Biver,  the  country  slopes  very  grad- 
ually towards  the  river ;  its  features  are  those  of  a  monotonous  wave- 
like plateau  country,  with  a  covering  of  sage  as  its  chief  vegetation.  The 
only  prominent  topographical  object  in  this  region  is  an  elevated  and  flat- 
topped  butte,  named  Fortification  Butte,  which  stands  like  a  rocky  island 
in  the  sage-covered  waving  prairie.  It  stands  some  12  miles  north- 
west of  the  point  where  the  government  road  crosses  the  Yampa  River. 
The  Yampa  Biver  is  a  fine  clear  stream  of  perhaps  100  feet  in  width,  and 
from  18  to  20  inches  of  depth  in  the  centre  of  its  bed.  At  the  point  of 
our  crossing  it  did  not  possess  the  charming  features  that  characterized 
the  Snake  Biver  Valley,  although  there  are  some  good  patches  of  bot- 
tom in  the  numerous  bends  which  the  river  makes  in  its  meanderings 
through  the  valley. 

Leaving  the  Yampa  Biver,  the  road  follows  through  a  somewhat  more 
mountainous  region  toward  the  White  Biver  Ute  agency.  As  this  coan- 
try  belongs  to  the  district  allotted  to  us  for  observation,  and  in  fact  forms 
the  eastern  portion  of  it,  the  notes  in  describing  the  area  will  have  to 
be  somewhat  fuller.  While  the  air-line  distance  from  the  Yampa  to 
the  valley  of  the  White  Biver  is  but  38  miles,  the  road  with  its  fre- 
quent deviations  from  a  straight  course  makes  the  distance  52  miles. 
Within  that  distance  the  country  exhibits  difliiBrent  characters  in  its  phy- 
siognomy. The  area  is  diversified  or  broken,  first  by  three  transverse 
ridges,  having  an  east  and  west  trend,  and  running  parallel  to  the  Yampa 
Biver,  and  secondly  by  the  canon-valley  of  Williams  Fork,  as  well  as  by  a 
basin-like  depression  between  them.  The  first  two  of  these  ridges  are 
close  together  and  separated  only  by  the  Williams  Fork  of  the  Yampa 
which  at  the  point  where  the  road  crosses  it,  as  well  as  for  many  miles  on 
either  side  is  in  a  deep  canon-like  valley.  The  axis  of  the  northern  ridge, 
or  the  one  lying  between  the  Yampa  and  Williams  Fork,  terminates  near 
the  junction  of  the  latter  streams.  The  second  ridge,  the  one  lying 
between  Williams  Fork  and  Axial  Basin,  extends  its  axis  12  miles 
further  to  the  west  than  does  the  former  one.  This  latter  portion  of  the 
ridge,  which  is  from  12  to  13  mil^  long,  is  penetrated  by  two  streams 
breaking  rectangularly  through  the  ridge,  on  their  way  to  join  Williams 
Fork  and  Yampa  Biver.  The  eastern  one  of  these  streams  is  called 
Waddel  Creek,  and  joins  Williams  Fork  5  miles  to  the  southeast  of 
the  junction  of  the  latter  with  the  Yampa  Biver.  The  second  creek 
breaking  through  the  ridge  7  miles  below^  or  west  of  Waddel  Creek, 
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ed  ^ilk  Greek,  and  rang  directly  into  the  Yampa  River.  Each  of 
creeks  has  carved  a  cafion  in  the  ridge,  of  which  the  eastern  one, 
iel  Creek,  is  the  broadest.  From  Waddel  Greek  westward  the 
tias  lost  all  form  of  a  well-defined  crest,  and  an  absolute  plateau 
predominates.  This  plateau  is  therefore  separated  by  Milk  Greek 
V^a^ddel  Greek  Canons  into  two  distinct  portions.  The  eastern  one 
een  named  Junction  Plateau,  from  the  fact  of  its  close  proximity  to 
inction  of  TVilliams  Fork  and  Yampa  Biver.  It  contains  about  24 
re  miles  of  area,  and  the  drainage  arising  therefrom  heads  close 
d  southern  rim  of  the  plateau  and  drains  into  the  Yampa.  The 
sm  plateau  is  tongue-like  in  shape,  and  its  western  extremity  ter- 
tes  in  a  sharp  point,  while  from  Its  being  completely,  covered  with 
the  name  of  Sage  Plateau  was  given  to  it  to  facilitate  the  descrip- 
>f  the  country  and  to  assist  in  an  easier  comprehension  of  the  map 
iD^  to  it.  The  latter  contains  some  12  square  miles  of  area.  The 
ridge,  lying  between  Yampa  Fiver  and  Williams  Fork,  is  6p0  feet 
er  than  the  second  one,  including  the  Junction  and  Sage  Plateaus. 
le  northern  slope  angle  of  the  first  ridge  which  occupies  the  area 
een  Xampa  Biver  and  Williams  Fork  is  moderate  and  gentle  nearly 
>  the  hriuk  of  the  ridge.  This,  however,  refers  only  to  the  general 
Qt,  for  erosion  has  caused  many  steep  gulches  and  ravines  in  that 
>ubtedly  once  very  uniform  slope.  From  the  summit  of  this  ridge 
>8t  the  same  level  continues  for  four  miles  in  a  southward  direction ; 
n  in  close  proximity  to  Williams  Fork  the  ridge  shows  steep  sides 
falls  off  abruptly  into  Williams  Fork  Valley,  thereby  causing  its 
>n  like  shape. 

be  evidence  is  clear  that  before  the  powerful  action  of  erosion  had 
ked  upon  its  surface,  the  plateau  character  of  this  ridge  was  uni- 
1.  The  remaining  spurs  show  clearly  the  original  level  close  to  the 
La  which  front  Williams  Fork.  The  drainage,  however,  descending 
a  the  plateau  for  ages  has  gashed  the  southern  side  into  deep  cailons, 
entering  Williams  Eiver  Valley  at  right  angles  to  the  river.  In  one 
of  these  deeply  eroded  canon -gulches  the  road  descends  to  Williams 
k. 

n  one  respect  Junction  Plateau  as  well  as  Sage  Plateau  is  analogous 
;he  ridge  or  plateau  just  described.  A  gentle  slope  on  the  north  side 
kracterizes  them  all^  their  highest  points  resting  on  the  southern 
U  or  nearly  so,  after  which  the  plateaus  show  almost  vertical  faces 
h  very  little  d4bri8  slope  at  their  bases. 

i^he  road  after  leaving  this  canon-valley  meanders  for  six  miles 
lin  between  gently  ascending  hill-spurs  in  dales  and  gulches  all  be- 
ging  to  that  portion  of  the  second  ridge  where  the  cailon  form  is  not 
<  expressed,  and  the  backbone  of  the  ridge  resembles  more  or  less 
it  of  a  regular  crest  of  ordinary  hills. 

ifter  six  miles  of  moderate  ascent  we  come  within  a  few  miles  of  the 
nk  of  this  second  ridge,  which  fronts  the  axial  basin*  on  its  northern 
ie  and  also  partly  on  its  eastern  side ;  while  in  the  hj^her  remain- 
I  portion  of  these  hills  the  road  has  steep  grades  to  overcome,  and  in 
^I^Qg  the  numerous  abrupt  places  its  course  is  far  from  straight. 
Having  descended  from  the  second  ridge,  we  cross  Waddel  Greek,  or 
least  one  of  its  main  branches,  which  runs  close  tx)  the  fiank  of  the 
•ge.  We  traverse  afterward  for  several  miles  a  district  of  mixed  topo- 
aphical  features,  for  it  is  not  altogether  devoid  of  the  characteristics 
A  basin,  nor  is  the  resemblance  to  it  of  a  very  definite  character.  It 
»,  however,  the  tendency  to  be  one  in  future  ages. 


*  Called  thas  by  Dr.  C.  A.  White  to  fooilitate  geological  description. 
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In  passing  on  to  the  southwest  through  this  gently  undulating  portioa 
of  the  country  without  any  boldly  expressed  drainage  system,  we  pass 
on  our  right  a  complicated  cluster  of  buttes  sloping  like  all  the  rest  of 
the  upheavals  in  this  region  toward  the  north  and  northwest,  showing 
also  abrupt  faces  on  the  south  side.  Seven  miles  beyond  we  arrive  at 
the  Tellow  Jacket  Pass,  which  constitutes  the  lowest  saddle  in  the  third 
and  last  ridge  of  hills  north  of  the  White  Biver  Valley.  From  this  pass^ 
we  march  for  six  miles  through  pretty  rugged  canons  and  descend  finally 
into  the  White  Biver  Yalley,  which  we  enter  at  Simpson's  Park  only 
some  five  or  six  miles  from  the  White  Biver  agency  house.  Arriving 
at  the  latter  place  on  August  28,  after  marching  ten  consecutive 
days,  preparations  were  made  to  commence  field-work  at  once,  and  after 
a  few  days  of  work  geodetic  connection  with  the  survey  of  1875  was 
satisfactorily  effected.  We  followed,  then,  the  usual  order  of  working 
through  the  district  assigned  to  us.  ^ 
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CHAPTER    II. 


GENBEAL  DESCRIPTION  OP  THE  DISTRICT. 

THE  COUNTRY  NOBTHTIiSEST  OF  AND  ADJACENT  TO  THE  WHITE  BIYEB 

AGENCY. 

An  area  of  nearly  400  square  miles  directly  northwest  of  White  River 
ageDcy  represents  the  more  hilly  portion  of  the  district  under  descrip- 
tioo.  The  northeastern  and  highest  portion  of  these  bills  are  called 
Banforth  Hills,  and  show  by  their  structure  no  development  of  the 
plateau  character,  but,  on  the  contrary,  show  a  crest  with  ihany  peaks, 
oones,  and  saddles,  the  ordinary  form  of  mountains  of  the  third  order.* 

The  Grand  Hogback  (see  Plate  XXII),  an  upheaval  of  most  peculiar 
l7pe  and  geological  interest,  crosses  the  White  River  eight  miles  below 
tiie  agency,  and  approaches  and  connects,  by  means  of  a  saddle,  with 
the  Danforth  Hills  in  their  most  southern  portion. 

Consistent  with  the  general  type  of  the  whole  country  in  this  region, 
tiie  northern  slopes  are  also  of  comparatively  moderate  descent,  while 
I  their  southern  and  eastern  faces  are  in  some  places  extremely  steep  and 
in  other  places  only  moderatelv  so.  Their  extreme  height  is  not  mach 
over  8,800feet.  While  the  Danforth  Hills  represent  only  half  of  this  hilly 
district,  the  Hogback  Valley,  as  well  as  Unga-too-wiss  Valley,  serves  as 
a  division  line  between  the  Danforth  Hills  and  the  Western  Group, 
▼here,  particularly  in  Citadel  Plateau,  the  mesa-like  form  is  strongly 
6xpre8sed.  In  the  Gray  Hills,  which  form  the  southwestern  portion  of 
^e  group  under  consideration,  mixed  orographic  features  exist.  The 
rwestem  wing  of  the  Gray  Hills,  running  in  a  southwestern  course 
pward  White  River,  shows  in  a  great  portion  the  plateau  form,  while 
the  others  indicate  a  waving  crest,  showing  strongly  expressed  spurs 
and  generally  deeply  eroded  character  in  their  totality  as  hills.  That 
.portion  of  the  hills  referred  to  is  covered  in  places  with  an  abundant 

»wth  of  pinons. 

In  the  whole  group,  Danforth  Hills  as  well  as  the  western  portion,  the 

kinage  system  is  expressed  in  a  small  number  of  dry- washes,  tribu- 

ity  to  White  River,  and  an  equal  number  of  drainage-beds  tributary 
to  the  Yampa  River  are  found  along  the  northern  slopes.  While 
water  may  flow  in  all  of  them  abundantly  during  the  snowy  part  of  the 
aeason,  for  the  greater  part  of  the  year  their  beds  are  dry.  In  the 
bigher  portions  of  the  Danforth  Hills  springs  are  more  numerous  and 
patches  of  brushwood  not  so  scarce  as  elsewhere  in  the  district  between 
White  and  Tampa  Rivers,  but  as  a  general  rule  the  supply  of  water  is 
more  abundant  near  the  sources  of  the  springs  than  in  any  other  part 
of  their  courses,  and  very  often  water  will  disappear  altogether  after 
leaving  its  source. 

From  the  fact  that  the  country  in  this  region  is  totally  destitute  of 
even  Indian  names,  we  have  attached  many  names  to  the  creeks  and 

•  See  Report  U.  S.  Geol,  Survey  for  1875,  p,  372. 
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drainagc-basinSy  which  divide  the  country,  more  or  less,  into  diflferent 
zones,  and  also  to  ridges,  plateaus,  which,  notwithstanding  the  minat- 
est  description,  would,  without  names,  be  unrecognizable  on  reference 
to  the  map. 

Unga-too-wiss  Yalley,  which  opens  in  a  basin  called  Powell's  Park, 
near  White  lliver,  is  only  12  miles  west  of  the  Ute  agency.  It  headi 
from  15  to  l6  miles  north  of  Poweirs  Park  near  the  divide  which  con- 
nects the  Danforth  Hills  with  Gray  Hills.  North  of  that  divide  lies  a 
basin  called  Hogback  Valley  which  forms  the  head  of  Deep  ChaoDd 
Creek,  which,  in  its  general  westward  course,  flows  through  Coyote 
Basin  before  it  enters  the  White  Biver,  20  miles  northwest  of  Powell's 
Park. 

There  is  a  spring  to  be  found  at  the  head  of  IJngatoowiss,  and 
another  one  in  Hogback  Valley.  Deep  Channel  Creek  keeps  and  even 
accumulates  a  little  water  in  its  course  to  its  junction  with  the  White 
Biver,  while  Unga-too-wiss  Creek  for  12  miles  from  its  source  shows 
no  sign  of  water.  The  hills  that  surround  these  valleys  are  a  tme 
type  of  th^.whole  country  adjacent  to  the  region.  Their  appearance  is 
desolate  and  forbidding,  while  the  valleys  are  still  less  inviting.  The 
faeilities  for  marching  through  this  country  are  few  on  account  of 
obstructions  of  diversified  kinds;  the  chief  ones  are  the  dry- washes,  or 
gullies  of  a  small  canon  order,  ^he  interminable  sage,  and  the  pricklj- 
pears;  the  latter  cover  the  ground  for  miles. 

Unga-toowiss  and  Coyote  B^siu,  are  literally  cut  up  by  gullies  from 
C  to  30  feet,  and  even  as  much  as  60  feet  deep ;  frequently  they  are 
hidden  by  sage  so  as  to  be  completely  invisible  until  we  reach  them. 
Occasionally  we  arrive  at  a  spot  where  a  dense  growth  of  large  sage,  not 
easy  to  penetrate,  covers  the  ground. 

YAMPA  AND  WHITE  BFVEB  DIVIDE. 

The  main  divide  between  White  and  Tampa  Bivers  is  along  the  crest 
of  the  Danforth  Hills.  It  approaches  nearest  to  the  White  Biver  Yalle; 
at  Yellow  Jacket  Pass,  where  it  is  but  nine  miles  distant  from  it.  Its 
winding  course,  thence  along  the  summit  of  the  Danforth  Hills,  is  north- 
west until  it  reaches  a  point  a  few  miles  north  of  Citadel  Plateau,  when 
it  is  again  but  nine  miles  distant  from  the  Yampa  Biver. 

At  the  head  of  Coyote  Basin  a  series  of  sharp  cones,  the  highest  of 
which  is  not  over  7,800  feet  above  the  ocean,  aie  the  last  seen  on  the 
summit. 

In  an  almost  straight  western  course,  and  with  only  a  slight  deviatioa 
to  the  south  and  in  still  closer  proximity  to  Yampa  Biver,  the  crest  ruDS 
for  15  miles,  from  Wampita  Peak  to  Ifae  head  of  Yale  Disappointment, 
which  lies  on  the  Yampa  side,  while  Midland  Basin  is  on  the  opposite^ 
or  White  Biver  side.  At  this  point  there  occurs  a  sharp  turn  to  the 
northward  which  holds  for  several  miles,  and  thereby  brings  this  divide 
within  six  miles  of  the  Yampa  Biver.  It  afterward  continues  in  a  sao- 
cession  of  high  bluffs  in  very  close  proximity  to  the  caiion.  These  blufb 
constitute  the  northern  rim  of  the  Great  Yampa  Plateau,  in  whose  broad 
expanse  a  definite  crest  is  finally  lost. 

The  only  side  ridge,  showing  all  the  elements  and  general  conditions 
of  an  independent  hill-cluster  and  which  detaches  itself  from  the  main 
divide  and  runs  toward  the  White  Biver,  is  Piiion  Bidge,  a  rugged  and 
singularly  eroded  upheaval,  presenting  the  usual  gentle  hill-slope  oa 
the  east  side,  while  on  the  opposite  or  west  side  the  most  strangely 
eroded  flanks  characterize  them.    Piiion  Bidge  forms  also  a  dividing 
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line  between  two  rather  large  basin-like  depressions — Coyote  Basin 
on  the  east  and  Midland  Basin  on  the  west.  Through  both  of  them  we 
find  long,  waving  parallel  lines  of  hogbacks  with  a  general  north  and 
soQth  trendy  which  appear  above  the  surface  in  a  labyrinth  of  crests, 
lesembling  a  ploughed  surface  where  the  furrows  have  been  npturned 
by  some  £;igantic  plough.  The  drainage  channels  descending  from  the 
main  divide  as  well  as  from  Pinon  Bidge  into  these  basins  are  numerous, 
bat,  consistent  with  the  general  nature  of  the  country,  they  are  all  dry. 

THE  WHITE  RIVER  VALLEY. 

If  we  apply  the  name  of  valley  to  the  whole  of  the  White  Biver  dur- 
ing its  flow  through  this  district,  it  is  simply  used  as  a  conventional 
tenn,  for  all  rivers  flowing  in  plateau  countries  possess  only  in  part  the 
features  of  a  real  valley. 

The  scene  changes  in  a  plateau  country  according  to  the  arrangement 
of  ridges  into  bluffs  or  benches,  from  valley  to  canon  or  cafion-valley, 
and  vice  versa.  The  general  course  of  the  river  after  leaving  White 
Hiver  Ute  agency  is  westward  like  that  of  the  Yampa  Biver,  notwith- 
standing the  fact  that  great  bends  often  cause  it  to  deviate  for  many 
miles  to  the  northwest  or  to  the  southwest  as  the  case  may  be.  Such  a 
bend  or  a  large  sweep  to  the  northwest  occurs  16  miles  west  of  the 
agency,  from  which  point  the  course  of  the  stream  is  for  20  miles  due 
northwest,  after  which  it  shows  for  14  miles  a  gentle  tendency'  south 
from  west,  when,  after  a  sudden  short  bend  directly  south,  breaking 
through  a  plateau  ridge,  the  stitom  assumes  a  southwestern  direction 
HDtil  a  point  some  20  miles  west  of  the  Colorado  boundary  is  reached, 
when  the  course  is  again  changed  to  the  northwest. 

The  physiognomy  of  the  country  is  different  on  each  side  of  the  White 
Biver;  on  the  south  side,  high  and  massive  plateaus,  with  their  summits 
30  miles  from  the  river,  characterize  the  country,  while  the  country 
along  the  right  bank  and  as  far  north  as  the  Tampa  Biver  is,  with 
a  few  exceptional  portions,  dismembered  and  chopped  by  detailed  drain- 
age, as  would  be  expected  in  a  plateau  country  of  soft  material  sub- 
j^ted  for  ages  and  ages  to  erosive  influences. 

With  the  exception  of  the  Danforth  Hills,  a  group  of  some  solidity  and 
eompaetness,  there  is  but  one  really  extensive  as  well  as  massive  struc- 
ture between  White  and  Tampa  Bivers }  this  is  the  great  Tampa  Plat- 
eau, to  which  we  will  allude  in  more  detail  hereafter.     * 

The  drainage  itself  that  enters  the  White  Biver  on  either  side  indicates 
a  totally  different  arrangement  and  character  of  the  country  it  comes 
from.  On  the  south  side,  for  instance,  we  find  four  large  streams  with 
an  abundant  supply  of  water  entering  the  White  Biver  between  the 
agency  and  west  line  of  Colorado,  while  on  the  north  side,  within  the 
tame  distance,  we  have  no  stream  whatever  supplying  the  White 
Biver  with  additional  water,  if  we  except  the  insi'^nificant  brook  which, 
coming  through  Ooyote  Basin,  contributes  to  the  White  Biver  an  amount 
of  water  equal  to  that  of  a  small  meadow-brook. 

If  we  proceed  from  the  agency  down  the  White  Biver  as  far  as  the 
boundary  line  separating  Colorado  from  Utah,  a  flistance  of  85  miles, 
^e  pass  on  our  journey  through  four  basin  like  spots,  where  the  drain- 
age accumulated  in  the  plateaus  north  during  the  winter  season  comes 
forth  to  swell  the  White  Biver.  These  basins  are  deceptive  in  regard  to 
water  for  the  greater  portion  of  the  year,  and  delusive  as  to  their  real 
character  until  we  approach  and  are  really  in  them,  when  we  find  they 
have  no  real  bottom  area.    Their  surface  is  uneven,  dry,  and  barren, 
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broken  by  cafion-like  fissures  which  the  main  as  well  as  intersectii 
streams  have  carved. 

The  most  valuable  bottom  or  basin  area  existing  on  the  White  Bi^ 
is  that  of  Simpson's  Park,  near  the  agency,  and  this  area  withont  ii 
gation  applied  would  be  reduced  by  obstacles  of  diversified  charact 
X)erhaps,  to  but  two  or  three  square  miles  of  land  fit  for  agricultui 
purposes. 

The  basin  next  largest  in  size  to  Simpson's  Park  is  about  10  mO< 
down  the  river,  and  to  it  the  name  of  Powell's  Park  has  been  given, 
it  is  far  less  extensive  than  the  Agency  Park,  and,  except  a  small  strii 
along  the  river,  lacks  many  conditions  necessary  to  render  it  usefo' 
little  value  is  attached  to  it. 

In  travelling  beyond  Powell's  Park  and  down  the  stream,  we  pass  t\ 
more  basin  areas  of  lesser  extent.  In  this  region,  as  well  as  in  mi 
places  farther  down,  the  stream  frequently  impinges  on  the  bluflf^ 
both  sides,  making  travelling  toilsome,  as  frequent  crossings  becoi 
necessary.  Very  often  the  banks  are  abrupt  and  had  to  be  cut  in  ord< 
to  efi'ect  a  crossing  or  to  enable  us  to  reach  water  for  our  animals  ooi 
ourselves. 

The  general  appearance  of  the  country  along  the  White  Kiver  is 
the  most  desolate  character ;  there  are  but  few,  if  any,  redeeming  fe 
ures  in  it.  There  are  few  places  along  White  River  that  are  not  lii 
with  bluffs,  terraces,  or  high  banks,  most  of  the  time  approaching  tl 
river  margin  very  closely,  and  only  where  the  plateau  shows  a  basin 
the  embankments  or  bluffs  recede  to  the  rear. 

The  nearer  the  White  Biver  approa*ches  the  Colorado  and  Utah  lint 
the  higher  the  plateau  rises  above  the  river.  When  16  miles  east 
the  point  where  the  river  leaves  Colorado  it  reaches  about  the  meridi: 
of  the  most  eastern  portion  of  the  Great  Tampa  Plateau,  which  about  U 
miles  to  the  north  rises  above  the  lower  mesa  like  huge  walls  of  gi[ 
tic  fortifications.  Along  the  whole  front  of  the  Great  Yampa  Plateai 
the  lower  mesa,  coming  close  to  the  river^  is  higher  than  elsewhere,  fl 
Baven  Park  as  well  as  in  its  surroundings  (referring  to  the  lat 
cafions  that  enter  Bavens  Park  above)  we  have  a  clear  demonstrati( 
of  the  powerful  and  at  the  same  time  curious  effect  of  water  operatii 
on  a  flat  area,  in  the  wearing  down  and  gashing,  as  in  this  ca^se,  of 
district  of,  perhaps,  40  square  miles.  There  are  left  the  strauj 
moulded  remnants  of  a  former  level  surface. 

A  few  miles  below  Bavens  Park  White  Biver  enters  a  cauon  cao! 
by  an  additional  covering  of  stratified  rocks.  The  general  height  of  I 
canon  at  a  point  about  7  miles  west  of  the  Colorado  and  Utah  boundi 
was  found  to  be  from  1,200  to  1,500  feet,  but  there  is  no  doubt  that 
the  river  descends  in  its  course  toward  Green  Biver,  the  caiion  wi 
may  attain  a  height  greater  than  2,000  feet. 

It  will  be  necessary  here  to  describe  only  briefly  the  country  aci 
and  north  from  the  White  Biver  extending  toward  the  Yampa  Bi^ 
as  well  as  to  the  western  extremities  of  the  Yampa  Plateau.  In  ref 
ring  to  this  portion  of  the  area  I  have  to  mention  that,  like  the  east 
half  of  the  Yampa  Plateau,  it  belongs  politically  nearly  in  its  totalit 
«to  Utah  Territory.  It  bears  all  the  characteristics  of  bad  lands,  a 
used  very  often  in  the  descriptions  of  Western  countries,  where  aridit 
sterility,  and  sparseness  of  vegetation  prevail.  The  highest  \h>} 
of  this  plateau  country  is  a  strongly  expressed  line  of  hogbacks, 
ning  diagonally  from  the  point  near  the.  White  Biver,  west  of  llavc 
Park,  to  the  high  and  conspicuous  blufis  that  form  the  extreme  soat 
western  walls  of  the  Great  Yampa  Plateau.    The  distance  across  is 
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5trai|::bt  line.  Bepeated  changes  in  its  features  are  characteristic  of 
B  stream.  Basios,  callous,  and  caiion-valleysy  with  occasional  spots  of 
Ul  developed  valley,  constitute  its  main  features.  The  valley  form  is, 
ii  iQBtance,  decidedly  expressed  for  24  miles  along  that  portion  of  the 
|rer  which  terminates  with  the  junction  of  Williams  Fork,  from  which 
pint  the  stream  flows  for  10  miles,  more  or  less,  in  a  cafion,  which  con- 
fins  not  only  some  picturesque  scenery,  but  in  the  river-bends  occasional 
paall  park  areas.  By  repeated  crossing  we  are  enabled  to  make  our 
ny  iprith  pack  and  saddle  animals  through  this  half  cafLon  of  the 
poipa.  The  river  emerges  from  this  semi-canon  at  the  western  terminus 
^Sa^e  Plateau,  which  is  elsewhere  described  in  these  notes.  The  river 
tters  here  a  splendid  bottom  of  five  or  six  miles  in  extent,  leaving 
{Uch,  it  forces  a  passage  through  a  small  caiion  situated  near  Yampa 

tk,  in  longitude  108^.  (See  Plate  XXIV.)  After  passing  this  caiion 
stream  meanders  for  16  miles  in  a  basin-shaped  area,  having  the 
luae  of  West-axial  Basin  on  the  accompanying  map.  While  in  this 
pAn,  the  river  flows  on  the  north  side  near  a  girdle  of  not  very  high 
ttt  al>ruptly-rising  bluffs. 

West-axial  Basin  constitutes  principally  a  gently  descending  area  of 
srraces,  covering  from  50  to  60  square  miles,  which  lie  on  the  north  side 
f  Citadel  Plateau  and  Wampita  Peak. 

A.  splendid  patch  of  river  bottom  with  rich  grass  distinguishes  from 
be  remainder  of  the  basin  the  lower  or  western  end  of  the  valley  imme- 
iately  below  Junction  Mountain.  There,  where  the  most  western  mar- 
In  of  this  grassy  bottom  meets  Junction  Mountain,  there  opens  a 
temendoas  gorge  with  almost  vertical  walls  of  about  1,000  feet  in  height, 
I  which  the  river  disappears  (see  Plate  XXV,)  but  only  to  emerge  again 
miles  beyond  m  a  pretty  little  valley  named  Lily's  Parle.  Here  the  Snake 
liver  joins  the  Tampa,  and  rich  grass  and  cottonwood  groves  character- 
te  this,  which  is,  perhaps,  the  finest  valley  in  the  course  of  Yampa 
tiver  (see  Plate  XXVl).  This  park  is  surrounded  on  all  sides  by  eroded 
Srraces  and  plateau  spurs  which  rise  step  by  step  to  the  divide  on  either 
ide.  Promontory  Plateau  rises  on  the  south  side  just  opposite  the 
motion  of  Snake  and  Yampa  Biver,  to  a  height  of  over  1,000  feet  above 
iver-level,  while  Junction  Mountain  attains  an  altitude  of  1,800  feet 
bove  liily's  Park,  or  7,800  feet  above  sea-level. 
The  best  portion  of  this  small  area  of  Lily's  Park  lies  on  the  south  side 
f  the  river,  and  at  a  point  where  Yale  Disappointment — a  small,  dry 
allej — approaches  Lily's  Park  the  Yampa  Biver  again  enters  a  huge  fis- 
are  in  the  mountains.  In  this  it  remains  with  great  persistency  during 
early  its  entire  course  down  to  i  s  junction  with  the  Green  Biver. 
From  Lily's  Park  to  Green  Biver  Junction,  a  distance  of  26  miles  in 
ir-line,  the  Yampa  flows  within  narrow,  precipitous  walls,  and  only  when 
rithin  a  distance  from  6  or  8  miles  from  Green  Biver  does  it  come 
at  of  the  caflon,  touching  the  margin  of  a  basin  (Bed  Book  Basin)  which 
es  along  the  northern  slope  of  the  Great  Yampa  Plateau.  It,  however, 
tiddenly  disappears  again,  as  if  showing  a  decided  preference  for  a  dark, 
ocky  inclosure  rather  than  for  freedom.  There  is  no  doubt  that  this 
iece  of  drainage  of  the  Yampa  Biver  between  Lily's  Park  and  Green 
tiver  Junction  is  one  of  the  most  remarkable  on  record.  All  along  this 
ortion  of  the  river,  and  only  from  1  to  2  miles  south  of  it,  lies  a  basin- 
Ike  depression,  to  all  appearances  just  molded  for  a  valley,  and,  as  far  as 
»n  be  discovered  by  ordinary  observation,  seeming  to  be  nothing  else 
be  bat  the  actual  synclinal  axis  between  the  strata  dipping  from  the 
rampa  Plateau  and  those  dipping  from  the  opposite  Escalante  Hills.  In 
ODsequence  of  this  it  would  seem  to  be  the  proper  coarse  for  the  river. 
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Imt  instead  of  choosing  the  latter  and  apparently  easier  coarse,  it  pei 
trates  the  rocky  strata  of  Escalante  Hills  with  persistency,  leaviogai 
touched  the  basin  which  lies  bat  a  very  short  distance  from  the  river, 
can  hardly  be  otherwise  bat  that  the  present  river  channel  is  anteoedc 
to  the  sorroanding  nplifts  or  stractare,  and  that  the  basin  nlladed  toF 
been  caused  by  erosion  of  comparatively  more  recent  date.  The  latt 
qaestion,  however,  pertains  more  to  the  duty  of  the  geologist,  who  id 
case  has  no  doabt  arrived  at  a  similar  conclasion. 

Near  the  janction  of  the  Yampa  and  the  Green  Biver  lies  a  small  par 
area,  named  Echo  Park  in  previous  explorations  of  this  river  by  Majc 
Powell  and  leaving  this  park  the  stream,  now  called  Green  Biver, 
enters  a  precipitous  cafion  and  remains  in  it  for  Smiles,  passing  afterwi 
through  Island  Park  in  large  curves,  after  which  it  is  again  bari< 
between  the  huge  cafion  cliffs  of  Split  Mountain,  within  which 
streiKm  remains  for  5  miles  before  it  emerges,  at  last,  into  the  WodhI 
Valley.    The  height  of  the  canon  walls  along  Tampa  Biver  vary  ~ 
1,000  to  1,500  feet,  and  those  of  the  Green  Biver  from  2,000  to  2,500 1 
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CHAPTER     III. 


CLIMATIC  AND  ECONOMIC  NOTES. 

The  climate  is  extremely  dry,  and  this  fact  is  in  itself  saflQcient  to 

iplain  the  absence  of  a  luxuriant  vegetation.    There  is  no  doubt  that 

Hth  irrigation  some  localities,  as,  for  instance,  small  strips  along  the 

iTer  bottoms,  could  be  improved  and  made  useful  for  agricultural  pur- 

Kwes,  but  the  vegetation-bearing  area  would  be  small,  indeed,  in  propor- 

ioD  to  the  vast  mass  of  country  that  lies  between  the  White  and  Yampa 

fvers.  As  by  any  statement  in  regard  to  percentage  of  agricultural 

tad  grave  errors  would  be  unavoidable,  unless  this  subject  was  made 

le  point  of  a  special  and  thorough  investigation,  we  will  abstain  from 

^ng  positive  figures  relating  to  the  proportion  of  good  and  bad  land. 

6  will  venture  to  say,  however,  that  the  encouragement  held  out  to  a 

ited  nomber  of  settlers  is  greater  on  the  Yampa  than  on  the  White 

ver,  a8  there  are  a  number  of  small  parks  in  which  there  are  consid* 

ble  areas  of  more  than  usually  good  bottomland.    Excepting  Simp- 

I'sor  AgejQcy  Park,  which  contains  a  comparatively  large  area  of  good 

d,  only  in  few  cases  and  but  for  short  distances  does  the  alluvial 

itom  of  the  White  Biver  attain  a  width  of  even  a  mile.    The  places 

f  which  the  bottom  along  the  White  Biver  opens  to  the  width  of  about 

mile  are  not  numerous,  as  they  occur  only  in  three  places  in  a  dis- 

ce  of  80  miles  westward  from  the  White  Biver  agency.    For  the 

ater  part  the  river  flows  either  in  canon  or  in  narrow  defiles,  crowded 

broken  terraces  and  benches,  with  an  occasional  narrow  patch  that 

jbt  be  cultivated  by  means  of  irrigation. 

ftm  the  junction  of  Elkhead  Creek  with  the  Yampa  Biver  down  to 

0  jaoction  of  Williams  Fork  the  conditions  for  pasturing  are  tolera- 
f  good,  and  besides  the  actual  bottom  area,  several  thousands  of 
IKS— DOW  terrace  land — might  be  made  useful  through  irrigation.  The 
^pa  flows  from  Williams  Fork  junction,  as  before  stated,  in  a  semi- 
piOD,  exhibiting  only  here  and  there  a  few  acres  of  ground  that  might 

1  made  useful.  This  is  followed  by  a  comparatively  small  but  rich 
ittom  between  Sage  Plateau  and  Yampa  Peak.  In  extent  this  bottom 
valley  is  G  miles  long,  and  in  its  upper  portion  nearly  a  mile  in  width. 
ithe  lo^er  portion  of  the  valley,  nearer  Yampa  Peak,  its  width  lessens 

I  and  even  to  J  of  a  mile.  Abruptly  rising  bluffs  with  deep  cut 
9ches  form  its  northern  margin,  while  the  generally  gradual  rising  but 
^  andnlating  benches  of  axial  basin  present  also  occasional  but  in- 
^r  bluffs  on  the  south  side  of  this  little  valley. 
Between  Yampa  Peak  and  Junction  Mountain  the  terraces  of  West- 
bl  Basin  approach  the  river  very  closely,,  and,  as  a  consequence,  the 
Item  area  is  small.  If  water  could  be  conveyed  by  means  of  ditches 
Nnd  Yampa  Peak  in  the  rear  of  West-axial  Basin,  a  comparatively 

r)  area  could  be  subjected  to  cultivation,  but  hundreds  of  terraces 
benches,  broken  by  large  and  small  ravines,  as  well  as  by  deep 
NiDtaJQ  gulches,  that  descend  from  Yampa  Peak,  would  make  the 
k  a  difficult  one. 
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The  fourth  patch  is  foand  near  the  jaoctiou  of  Yampa  and  Snake 
Bivers,  and  is  called  Lily's  Park.  This  park- valley  is  not  very  exten- 
sive; it  is  not  qaite  5  miles  in  length,  and  is  from  ^  to  1  mile  in  widtb. 
It  is  surrounded  by  the  abruptly-rising  spurs  and  benches  of  Pro> 
montary  Plateau  and  Junction  Monntain,  as  well  as  by  those  that  ran 
out  from  the  high  hills  to  the  north  of  the  park.  This  park  represents 
the  last  spot  of  agricultural  land  on  the  Yampa  Biver,  and  together 
with  a  portion  of  the  Snake  Biver  Valley  might  ^ve  accommodations 
to  a  few  settlers. 

For  the  remainder  of  its  course,  down  to  whexe  the  Oreen  Biver  finally 
absorbs  its  name,  the  Yampa  flows,  as  already  described,  in  an  almo6t 
vertical  cafion,  wherein  naturally  even  the  smallest  area  of  useful  land 
does  not  exist. 

The  defile  in  which  Williams  Fork  of  the  Yampa  meanders  can 
scarcely  be  called  a  valley— it  would  be  a  misnomer,  a^d,  indeed,  few 
are  the  acres  that  could  be  found  in  it  to  be  regarded  as  farming  land. 

All  over  the  Western  Plateau  region  the  same  unfavorable  conditions 
prevail  even  to  a  greater  degree  than  here,  for  we  have  in  the  .district 
already  noted  at  least  two  prominent  streams  on  which  we  woald  find '' 
the  necessary  water  to  accomplish  the  irrigation  which  would  be  possi- 
ble along  their  banks. 

Although  this  plateau  region  may  be  classed  among  the  driest,  it  is 
not  absolutely  destitute  of  rain ;  only  the  regular  periodical  rains  com* 
mon  in  all  moderate  climates  are  wanting.  The  occasional  rains  that 
fall  are  short  in  duration,  but  violent  in  action.  Moderation  in  climati- 
cal  phenomena,  we  might  say,  does  not  exist  throughout  the  far  West, 
and  that  it  has  been  the  case  for  ages  is  proved  by  the  absence  of  a  sod, 
or  a  mantle  of  deep-rooted  grass- vegetation.  The  rain-fall  that  occarred 
several  times  during  our  sojourn  in  this  region  was  violent  in  the  ex- 
treme but  short  in  duration.  The  total  absence  of  a  well-connected  sod 
permitted  the  water  to  run  off  suddenly,  as  if  poured  on  a  crust  of  terra 
cotta.  Every  trace  of  moisture  disappeared  almost  in  as  short  a  time 
as  the  rain  lasted.  The  nature  of  the  ground  is  unfavorable  for  the 
gradual  absorption  of  the  moisture,  nor  did  we  observe  moderation  io 
the  accompanying  elements  during  or  after  the  r^in-falL  The  rain  was 
generally  accompanied  by  a  very  low  temperature,  so  much  so,  that 
hail  and  snow  were  generally  associated  with  the  rain.  After  the  ces- 
sation of  rain  followed  either  a  piercing  cold  wind  or  an  extreme  beat, 
which  caused  the  recently- moist  clay-ground  to  crack  or  break  into 
wrinkles.  The  water  flows  off  rapidly,  gathers  in  its  natural  drainage- 
channels,  through  which  it  ploughs  and  digs  deeper  and  deeper  intQ 
the  soft  material,  each  creek,  large  or  small,  producing  thereby  a  perpen- 
dicular deep  fissure  or  small  canon,  which  have  been  seen  in  places  as 
much  as  60  feet  deep,  with  only  a  width  of  perhaps  20  feet  from  rin 
to  rim. 

Under  the  existing  conditions  we  may  arrive  at  the  conclusion  that 
this  plateau  region  cannot  be  made  available  for  agricultural  purposes, 
and  there  is  hardly  a  doubt  that  even  the  most  desperate  attempts  of  aa 
over-populated  but  industrious  community  would  fail  in  the  attempt  to 
change  this  country  for  the  better. 

Through  ages  this  plateau  region  seems  to  have  possessed  this  dry 
character  during  the  greater  number  of  months  in  the  year ;  the  topo- 
graphy as  well  as  the  vegetation  bears  testimony  to  this  fact. 

There  exists  no  gentle  undulating  ground  anywhere  except  on  the 
very  tops  of  the  plateaus.  The  whole  surface  of  the  crust  indicates  the 
violence  of  erosion  during  winter  and  a  desert-like  dryness  during  the 
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muDiner.  The  water  which  flows  in  deeply  cat  river  channels,  snch  as 
Yampa  and  White  River,  is  not  accamnlated  in  this  locality,  at  least 
not  the  bandredth  part  of  it,  as  it  comes  from  the  distant  snowy  amphi- 
theatres of  the  Bocky  Mountains,  and  in  its  long  coarse  to  this  arid 
region  has  not  gained  in  volume,  bat,  on  the  contrary,  has  lost  largely 
tx>th  by  evaporation  and  sinking. 


CHAPTER    IV. 


NOTES    ON    TRIANGULATIONS    AND    MEASUREMENTS 

HEIGHTS. 

Parallel  40^  3(y  forms  the  most  northern  line  of  the  area  surveyed 
Colorado,  by  Dr.  F.  Y.  Hayden^s  United  States  Geological  and  Geogi 
ical  Survey  of  the  Territories,  during  the  years  1873-1876,  while  p\ 
lei  40O 15'  is  the  southern  line  of  the  work  performed  by  Clarence  Kioj 
Survey  of  the  Fortieth  Parallel,  during  the  years  of  1867-1872. 

A  net- work  of  triangles  was  expanded  over  the  respective  districts 
the  two  separate  surveys  in  the  usual  manner,  in  each  case  from 
fully  measured  base-lines.    The  base-lines  of  Clarence  King  were  sitj 
ated  near  Fort  Steele  and  Sherman  Station,  on  the  Union  Pacific 
road,  while  thoseof  Dr.  Hayden's  United  States  Geological  and  G^gra^ 
ical  Survey  were  measured  near  Denver,  Col.,  and  in  the  San  Luis  Pai 

It  might  reasonably  be  presumed  that  in  the  expansion  of  primary 
well  as  secondary  triangles,  from  bases  several  hundred  miles  apart,  wit 
only  natural  objects  used  as  sighting-points,  the  accumulation  of  ei 
would  be  exceedingly  large  at  those  portions  of  the  area  the  most  dist 
from  the  base  lines,  and  in  the  plateau  country  where  good  sightinj 
points  become  scarce  would  necessitate  a  large  correction. 

It  is  evident  that  the  most  practical  test  of  the  accumulation  or  noi 
accumulation  of  error  would  be  the  comparison  of  points  determined  bj 
Professor  Hayden's  United  States  Geological  and  Geographical  Survey 
with  the  same  points  determined  by  the  geodetic  corps  of  Claren< 
King's  Survey  of  the  Fortieth  Parallel  during  the  years  1867-1872. 

With  no  little  satisfaction  we  are  able  to  state  that  between  the  tw< 
surveys  starting  from  different  base-lines  the  coincidence  of  points 
remarkably  close :  so  close,  indeed,  that  on  the  scale  adopted  by  us  1 
the  publication  of  maps  the  difference  is  scarcely  apparent. 

Being  supplied  with  all  the  maps  bearing  the  stamps  of  oflQcial  publi- 
cation— with  a  view  of  comparing  data — we  found,  as  far  as  comparisons 
of  trigonometric  work  were  concerned,  that  the  location  of  points  from  the 
Survey  of  the  Fortieth  Parallel  alone  were  trustworthy,  while  the  errors 
of  other  published  maps  of  that  country  were  great  and  completely  at 
variance  with  the  true  relations  and  conditions  of  the  surface. 

In  the  latter  part  of  the  year  1874  a  barometric  station  was  estab- 
lished at  the  White  Biver  Indian  agency  by  Mr.  A.  B.  Marvine's  division 
of  Dr.  Hayden's  United  States  Geological  and  Geographical  Surveys  of 
the  Territories,  at  which  tri-daily  observations  were  continued  up  to  the 
time  our  party  left  the  district  in  the  fall  of  1876.  On  this  base  depend 
our  observations  for  altitudes  throughout  the  district  lying  between  the 
Yampa  and  the  White  Biver. 

It  is  but  fair  to  state  that  these  heights  cannot  be  considered  irrefa- 
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table  or  absolate,  althoagh  they  come  undoabtedly  a  great  deal  nearer 
Irath  than  any  determinatioDS  of  heights  made  by  previous  surveys  in 
tills  region  or  others  adjacent  to  it,  as  their  respective  base  barometers 
irere  too  distant,  and  recently  discovered  discrepaucies  in  railroad  levels 
AAde  corrections  necessary  which  changed  the  results  over  100  feet 
from  previously  assumed  elevations  throughout  the  Bocky  Mountain  re- 

giOD. 

Notwithstanding  the  more  generally  correct  determinations  of  altitudes 
of  many  points  and  places  all  over  the  region  within  the  Eocky  Mount- 
ain system,  the  difficulty  of  obtaining  absolutely  correct  elevations  is  not 
xemoved  when  the  time  for  field  observation  is  but  short,  the  tempera- 
ture and  climate  being  variable  during  that  short  period. 

Our  results  of  elevation  aie  partially  derived  from  observations  with 
fte  cistern  barometer  and  partially  from  corrected  aneroid  readings,'' 
while  vertical  angles  have  also  assisted  in  the  determination  of  the  gen- 
teal  heights  of  this  country.  These,  at  least,  for  all  practicable  pur- 
foses,  are  satisfactory,  while  to  obtain  real  scientific  accuracy  )n  the 
Ksults  would  require  a  much  longer  time  of  observation. 

In  conclusion,  I  wish  simply  to  add,  that  in  the  survey  of  our  district  we 
Mlowed  that  method  of  work  which  has  been  uniformly  adopted  by  the 
various  field  parties  of  the  survey  for  several  previous  years. 

Within  this  district  stations  were  made  on  thirty-five  of  the  highest 
points,  and  observations  for  both  geodetic  and  topographic  purposes 
were  made  thereon,  while  six  auxiliary  stations  were  made  to  supple- 
mrat  the  work  in  necessary  places. 

^iproiiaHate  geographical  poHiions  and  elevaiiona  of  prominent  points  between  Yampa  and 
fVkite  Biver,  and  from  ineridian  107°  23'  0"  to  109^  J  5'  0''. 


N<une8  of  located  points. 


8TATI0SB  ox  MOUNTAINS  OB  P0IKT8  OK  PLATEAUS. 


§teUwn.Danforth  HUU 

StataiHilii,  DanforthHilU ; 

atatiealV,  D>uiforthHilU 

ftatMmV.DoBforth  Hills 

Steyon  VI,  Danforth  Hills 

StatioaVlI.  DanforthHiUs 

|t«««&DVI3I,  higher  point  on  Gray  Hills 

H%h««t  Point  on  Grand  Hosbaok 

tevpment  Peak.  Citadel  Plateau 

BtatioD  IX,  Danforth  Hills,  east  of  Escarpment  Peak 

otetionX,  western  wing  of  Gray  Hills 

Twin  Points  f  Eastern  one 

uix^ouHs  ^Western  one 

«teion  XVI,  or  Yampa  Peak 

Aveiace  height  of  highest  points  on  Piflon  Ridge 

ntelion  XXV,  Wamplta  Peak,  Yampa  divide 

fltttkm  XXIII,  Yampa  divide 

Jmetion  Moontain,  near  Snake  and  Yampa  River  Junction 

^toiDoatorv'  Plateau,  highest  point,  sonth  of  Lily's  Park 

oUtlon  XX.  east  point  of  Midland  Bidge 

Station  XIV,  highest  point  Yampa  Plateaa 

wbn  XV.  six  miles  oast  of  Raven's  Park 

gtation  XVII.  Lower  Platcan  above  White  River  Gallon 

ftatkm  XVlIl,  southwest  rim  of  Yampa  Plateau 

ftstlon  XIX,  Buena- vista  Peak,  Yampa  Plateau 

KStioii  XXI.  Tank  Peak,  Yampa  Plateau 

Btatifm  XXV n,  near  email  cafion  below  Yampa  Peak 

Stii ion  XXIX,  center  of  Sage  Plateau 

etitioa  XXX.  western  end  of  Sage  PUteau ^.... 

Station  XXXI,  highest  point  Junction  Plateau 

^aUon  XXIT.  northern  rim  Jiuction  Plateau 

Stittion  XXXIII,  southwest  of  Yampa  and  Williams  Fork  Junction. 
Station  XXXIV,  southeast  of  Waddeiand  Williams  Fork  Junction. 
Station  XXXV,  near  pass  over  ridge  between  Yampa  and  Wil- 
Umns'Fork 


Longitude. 


107  41  28 

107  48  8 

107  53  0 

107  53  4 

107  57  45 

108  0  0 


108 
107 
108 
108 


5  30 
9  88 

6  30 
4  45 


106  13  47 

108  8  45 

108  9  50 

108  0  46 

(*) 

108  15  43 

108  81  3 

108  29  0 

106  9*2  0 
108  49  32 
108  50  40 

108  4J  15 

109  11  0 
109  9  13 
108  54  0 
108  44  50 

107  58  SO 
107  47  45 
107  51  30 
107  32  53 
107  41  85 
107  40  0 
107  34  15 

107  98  15 


Latitude. 

o 

/ 

II 

40 

5 

27 

40 

9 

.•» 

40 

9 

47 

40 

10 

48 

40 

19 

36 

40 

14 

85 

40 

13 

55 

40 

7 

30 

40 

17 

15 

40 

19 

0 

40 

9 

38 

40 

11 

0 

40 

10 

43 

40 

26 

30 

40 

23 

4 

40 

21 

30 

40 

30 

0 

40 

23 

33 

40 

19 

18 

40 

Id 

28 

40 

7 

8 

39 

59 

25 

40 

80 

IS 

40 

26 

0 

40 

23 

0 

40 

28 

0 

40 

83 

33 

40 

28 

0 

40 

23 

5 

40 

20 

50 

40 

25 

40 

40 

30 

40 

40 

25 

0 

Elevation 
in  feet. 


8.450 
8,644 
8,960 
8,975 
8,950 
8,890 
8,830 
8,600 
8,830 
8.815 
7,250 
8.400 
8,400 
8.220 
7,400 
7,951 
7,600 
7,800 
7,200 
8,750 
8.000 
6,650 
6,400 
8,890 
9,130 
9,^0 
6,647 
7,375 
7,010 
7.637 
7,468 
7,358 
7,840 

8,000 


*  Longitude  and  latitude  are  omitted  only  in  such  cases  where  reference  is  made  to  a  lirje  ereak 
Tbelr  locations  will  be  found,  howerer,  by  consulting  the  accompanying  map. 
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Approximate  geographical  posUiont  and  elevatione,  ^e. — CoDtinoed. 


KaiDM  of  located  pointa. 


PAMKB  JJTD  DITXDU. 

"Pom  over  ridge  ih»m  Yain^SiTer  to  Williams  Fork 

Yellow  Jacket  Pae» 

Fuse  between  Ciudel  Platenii  and  Da&forth  HUle 

Pms  at  head  of  Yale  Diaappointment 

Divide  near  Pass  Batte 

PARKS,  BABWB,  BXTSB  JUX CnOMB,  AVD  CBOBBINOe. 

Crossing  of  gorerament  road  on  Yampa  Klver 

Crossing  of  goyemment  road  on  Williams  Fork 

White  lUTerUte  agency 

West- Axial  Basing..... 

Junction  of  Waddel  Creek  and  WilHams  Fork 

Jonction  of  Milk  Creek  and  Yampa  BiTer 

Janctiott  of  Snake  and  Yampa  Bivers,  LQj's  Park 

West  end  of  Lily's  Park 

Junction  of  Green  and  Yampa  rlTers 

Junction  of  nnga-too>wis  wash  and  White  riTcr 

Junctionof  Deep  Channel  Creek  and  White  Biver 

Junction  of  Fox  Creek  Wash  and  Whit«  river 

Junction  of  Weaiy  Mule's  Wash  and  White  river 

Junction  of  Ungs-too-roosh  Wash  and  White  river  (Baven  Park) 
Center  of  Coyote  Basin 


Longitude. 


107  S7  45 

107  44  0 

106  6  7 

108  33  0 

107  40  0 


107  96  0 

107  30  0 

107  48  30 

(•) 

107  36  30 

107  44  95 
100  94  95 
106  90  0 

108  58  30 
108  0  80 
108  90  0 
108  98  0 
108  36  45 
106  SO  0 
108  15  0 


Latitude. 


40  95  30 

40  9  0 

40  16  0 

40  91  0 

40  14  0 


40  30      0 

40  91    85 

40  14      7 

(•) 

40  99 

40  94 

40  97 

40  97    15 

40  31    30 


40  1  0 

40  10  0 

40  11  15 

40  9  95 

40  5  0 

40  15  0 


^  Longitude  and  latitude  are  omitted  only  in  such  cases  where  reftrsnce  is  made  to 
Their  locations  will  be  found,  however,  by  consulting  tho  accompanying  map. 
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REPORT  OF  WILLIAM.  H.  HOLMES. 


LETTBE  OP  TRANSMITTAL. 

WASHmaTONy  March  1, 1878. 

Sib:  I  submit  herewith  my  report  on  the  rains  of  Southwestern  Colo- 
rado for  the  years  1876  and  1876.  A  preliminary  report  on  the  investi- 
gations made  in  1876  has  already  been  published  in  the  second  volume 
of  the  Survey  bulletins.  As  the  edition  of  this  publication  was  very 
Umitedy  it  has  been  thought  best  to  republish  that  report  with  correc- 
tions and  additions,  in  connection  with  the  report  for  1870. 
Yery  respectfullyi  your  obedient  servant. 

WM.  H.  HOLMES, 
Dr.  F.  V.  HATDElf , 

United  States  OeologUt  in  charge. 
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REPORT  ON  THE  ANCIENT  RUINS  OF  SOUTHWESTERN  COLORA 
DO,  EXAMINED  DURING  THE  SUMMERS  OF  1875  AND  1876. 


By  W.  H.  Holmes. 


Iq  addition  to  my  duties  as  geologist  to  the  southwest  or  San  Juan 
division  of  the  survey  for  1875, 1  was  assigned  the  very  agreeable  task 
of  making- examinations  of  such  ancient  remains  as  might  be  included 
in  the  district  surveyed ;  also  in  1876^  in  company  with  Mr.  Wilson, 
director  of  the  primary  triangulation,  I  revisited  the  northern  border  of 
the  same  district  and  made  additional  observations. 

Previous  to  1875  much  information  had  already  been  given  to  the 
public  in  relation  to  the  ruins  of  Southwestern  Colorado  by  Mr.  Jack- 
son, who  paid  them  a  short  visit  in  1874,  and  many  similar  remains  had 
been  described  by  early  explorers  in  New  Mexico  and  Arizona,  but 
nothing  like  a  complete  survey  of  tliis  particular  region  had  been  made. 

The  district  examined  by  our  party  covers  an  area  of  nearly  6,000 
square  miles,  chiefly  in  Colorado,  but  which  includes  narrow  belts  in 
the  adjacent  Territories  of  New  Mexico,  Utah,  and  Arizona.  It  lies 
wholly  on  the  Pacific  slope,  and  belongs  almost  entirely  to  the  drain- 
Age-system  of  the  Bio  San  Juan,  a  tributary  of  the  Colorado  of  the 
West. 

Lying  along  the  west  base  of  the  mountains  is  a  comparatively  flat 
country,  the  eastern  border  of  the  great  plateau-region  that  reaches 
westward  toward  the  Sierras.  The  surface-geology  is  chiefly  Creta- 
ceous, and  the  various  large  streams  formed  on  the  west  slope  of  the 
Bocky  Mountains  have  cut  long  cauoned  valleys  down  through  the 
nearly  horizontal  beds.  In  the  greater  part  of  this  region  there  is  lit- 
tle moisture  apart  from  these  streams,  and,  as  a  consequence,  vegeta- 
tion is  very  sparse,  and  the  general  aspect  of  the  country  is  that  of  a 
semi-desert.  Yet  there  is  bountiful  evidence  that  at  one  time  it  sup- 
ported a  numerous  iM>pulation ;  there  is  scarcely  a  square  mile  in  the 
6,000  examined  that  does  not  furnish  evidence  of  previous  occupation 
by  a  race  totally  distinct  from  the  nomadic  savages  who  hold  it  now, 
and  in  many  ways  superior  to  them. 

At  first,  it  seems  strange  that  a  country  so  dry  and  apparently  barren 
as  this  now  is  could  support  even  a  moderate  population,  and  it  is  con- 
sequently argued  that  the  climate,  has  grown  less  moist  since  the  an- 
cient occupation.  Be  this  as  it  may,  I  observe  the  fact  that  the  great 
bulk  of  remains  are  on  or  in  the  immediate  neighborhood  of  running 
streams,  or  by  springs  that  furnish  a  plentiful  supply  of  water  during 
the  greater  part  of  the  year.  The  ever-present  pottery  may  in  many 
cases  have  been  broken  and  left  by  hunting  and  wandering  parties,  and 
the  remnants  of  dwellings  far  out  from  water  may  have  been  but  tem- 
porary abodes  used  only  in  the  winter  or  during  rainy  seasons. 

I  also  notice  that  the  country  is  by  no  means  an  entire  desert.  All 
along  the  stream-courses,  there  are  grass-coveced  meadows  and  broad 
belts  of  alluvial  bottom,  affording,  if  properly  utilized,  a  considerp.ble 
area  of  rich  tillable  land. 
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The  rains  of  this  region,  like  most  others  of  the  extreme  West  aod 
Sonth,  are  the  remnants  in  a  great  measure  of  stoue  strnctares.  To 
what  extent  wood  and  adobe  were  used  can  hardly  be  determined.  It 
is  evident,  however,  that  a  great  portion  of  the  villages  and  dwelluigs 
of  the  lowlands  have  been  of  material  other  than  stone,  freqnentl} 
donbtless  of  rabble  and  adobe  combined. 

As  to  situation,  they  may  be  classed  very  properly  under  three  heads: 
(1)  lowland  or  agricultural  settlements ;  (2)  cave  dwellings  ;  and  (3)  eliff 
houses  or  fortresses. 

Those  of  the  first  class  are  chiefly  on  the  river-bottoms,  in  close  prox- 
imity to  water,  in  the  very  midst  of  the  moBt  fertile  lanos,  and  located 
without  reference  to  security  or  means  of  defence. 

Those  of  the  second  are  in  the  vicinity  of  agricultural  lands,  but  boitt 
in  excavations  in  low-bluff  faces  of  the  Middle  Cretaceous  shales.  The 
sites  are  chosen  also,  I  imagine,  with  reference  to  security ;  while  tbe 
situation  of  the  cliff-houses  is  chosen  with  reference  to  security  onlj. 
They  are  built  high  up  in  the  steep  and  inaccessible  cliffs,  and  have  tie 
least  possible  degree  of  convenience  to  field  or  water. 

As  to  use,  the  position  for  the  most  part  determines  that.  The  bw* 
land  ruins  are  the  remains  of  agricultural  settlements,  built  and  oocs- 
pied  much  as  similar  villages  and  dwellings  are  occupied  by  peaoeabb 
and  unmolested  peoples  of  to-day.  The  cave-dwellers,  although  th^ 
may  have  been  of  the  same  tribe  and  contemporaneous,  probably  baift 
with  reference  to  their  peaceable  occupations  as  well  as  to  defense,  M 
it  is  impossible  to  say  whether  or  not  they  made  these  houses  Uieir 
constant  dwelling-places.  The  cliff  houses  could  only  have  been  ined 
as  places  of  refuge  and  defense.  During  seasons  of  invasion  and  war, 
families  were  probably  sent  to  them  for  security,  while  the  warrion 
defended  their  property  or  went  forth  to  battle ;  and  one  can  rradilf 
imagine  that  when  the  hour  of  total  defeat  came,  they  served  as  a  last 
resort  for  a  disheartened  and  desperate  people. 

In  form,  the  parallelogram  and  circle  predominate,  and  a  con8ide^ 
able  degree  of  architectural  skill  is  displayed.  Where  the  conformatioB 
of  the  ground  permits,  the  squares  are  perfect  sqimres  and  the  cirdei 
perfect  circles.  The  gi^eater  part  of  the  ordinary  structures  are  sqaan 
or  rectangular ;  while  attached  to  each  group,  and  sometimes  withoot 
indications  of  contiguous  buildings,  are  circular  ruins  frequently  re- 
sembling towers.  These  are  the  most  pretentious  structures,  beingoAen 
as  much  as  forty  feet  in  diameter,  and  in  many  cases  having  doable  or 
triple  walls.  They  are  solidly  built  of  hewn  stone,  dressed  on  the  oa^ 
side  to  the  curve,  neatly  jointed,  and  laid  in.  mortar. 

In  the  larger  towers  the  space  between  the  outer  walls  is  invariiM; 
divided  by  heavy  partition -walls  into  a  number  of  apartments,  while  a 
circular  depression,  or  estufa^*  occupies  the  centre  of  the  enclosure. 

It  seems  evident,  from  the  extraordinary  form  of  these  structures  and 
the  unusual  care  shown  in  their  construction,  that  they  were  not  de- 
signed for  the  ordinary  uses  of  dwelling  or  defence.  It  has  been  ob- 
served that,  among  nearly  all  the  ancient  tribes  of  North  America,  the 
grandest  and  most  elaborate  works  of  art  were  the  ofEspring  of  flisir 
superstitions,  and  it  does  not  seem  at  all  improbable  that  these  great 
towers  had  a  religious  origin. 

In  the  inhabited  pueblos  of  to-day  there  are  underground  rooms,  fi^- 
quently  circular,  used  as  council-chambers  as  well  as  for  the  perforo- 
ance  of  the  mysterious  rites  of  their  religion.    Similar  chambers  oocar, 

*  A  SpaoiBb  word  signifyiDg  *'  sweat-hoase ''  or  coanoU-boase. 
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aocording  to  Lieatenant  Simpson,*  in  all  the  mined  cities  of  l^ew  Mex- 
icOy  bat  having  single  walls  of  no  great  height  or  thickness.  It  is  stated 
by  Sqaier  and  Davis  t  that  in  Mexico  the  sacred  enclosures  were  also 
used  for  defensive  purposes,  and  it  certainly  seems  probable  that  these 
earioos  strnctares  served  both  as  temples  and  fortifications,  and  that 
the  apartments  between  the  walls  were  the  receptacles  of  sacred  or 
Talnable  property. 

The  smaller  single-walled  towers,  which  are  scattered  at  intervals 
along  the  river-coarses  and  cafions,  frequently  in  commanding  situations, 
were  probably  watch  or  signal  towers. 

The  oavedwellings  are  made  by  digging  irregular  cavities  in  the  faces 
of  blnffs  and  cliffs  formed  of  friable  rock,  and  then  walling  up  the  fronts, 
leaving  only  small  ^doorways,  and  an  occasional  small  window  at  the 
aide  or  top. 

The  diffhonses  conform  in  shape  to  the  floor  of  the  niche  or  shelf  on 
which  they  are  built.  They  are  of  firm,  neat  masonry,  and  the  manner 
in  which  they  are  attached  or  cemented  to  the  cliffs  is  simply  marvelous. 
Their  construction  has  cost  a  great  deal  of  labor,  the  rock  and  mortar 
of  which  they  are  built  having  been  brought  for  hundreds  of  feet  up 
the  most  precipitous  places.  They  have  a  much  more  modern  look  than 
the  valley  and  cave  remains,  and  are  probably  in  general  more  recent, 
belonging  rather  to  the  close  than  to  the  earlier  parts  of  a  long  period 
of  occupation.  Their  iiosition,  however,  has  secured  them  in  a  great 
measure  from  the  hand  of  the  invader  as  well  as  from  the  ordinary 
effects  of  age. 

Of  works  of  art  other  than  architectural  that  might  assist  in  throw- 
ing light  upon  the  grade  of  civilization  reached  by  these  people,  but 
meagre  discoveries  were  made ;  although  I  imagine  that  careful  search 
and  well-conducted  exhumation  might  develop  many  things  of  great 
interest.  A  considerable  number  of  arrow-heads,'  stone  implements, 
ornaments,  and  articles  of  fictile  manufacture,  that  may  fairly  be  attrib- 
Qted  to  the  age  of  the  cliff-builders,  were  collected.  The  greater  part 
of  these  are  figured  in  plates  XLIV,  XLY,  and  XL VI. 

There  are  no  evidences  whatever  that  metals  were  used. 

Numerous  rock-inscriptions  were  observed,  both  engraved  and  painted 
upon  the  cliffs.  Drawings  of  a  large  number  were  made,  and  some  of 
the  more  notable  examples  are  given  in  plates  XLII  and  XLIII.  A 
large  number  of  burial  places,  or  what  we  are  led  to  believe  are  such, 
were  visited.  The  only  localities  which  have  yielded  human  remains 
are  in  the  valleys  and  in  the  vicinity  of  ancient  ruins.  Three  entire 
skeletons  were  obtained;  one  from  the  banks  of  Hovenweep  Greek,  near 
the  ruin  known  as  Hovenweep  Castle  ;:|:  the  others  from  a  freshly  exca- 
vated arroyo  in  an  ancient  village  near  Abiquiu,  New  Mexico.§  A  skull 
was  obtained  by  Oaptain  Moss  from  a  grave  on  the  Bio  San  Juan  near 
the  month  of  the  Mancos,  but  no  particulars  of  the  position  of  the  skel- 
eton or  manner  of  burial  were  obtained.  Two  entire  specimens  of 
aarthen  vesselsll  were  fDund  with  the  skeleton. 

The  greater  portion  of  what  are  supposed  to  be  burial  places  occur  on 
the  sommits  of  hills  or  on  high,  barren  promontories  that  overlook  the 
Talleys  and  cafions.  In  these  places  considerable  ar^as,  amounting  in 
some  cases  to  half  an  acre  or  more,  are  thickly  set  with  rows  of  stone 

*  Expedition  to  the  Navi^lo  Coimtry,  p.  78,  &o.    Bee  alBO,  Mr.  Jaokson's  report, 
f  Axment  monninents  of  the  Mississippi  Valley ,  p.  102. 
t  Detoribed  by  Mr.  Jackson,  Beport  U.  S.  Geo!.  Bary.,  1874, 1676,  p.  881. 
f  The  orania  obtained  are  described  by  Dr.  Bessells  in  Bolietin  u.  B.  Qeol.  Barvey, 
ToL  ii.  No.  If  pp.  47-63. 
I  Ms.  Jaokaoira  report. 
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slabs,  which  are  set  in  the  groaiid  and  arranged  in  circles  or  paralk 
grams  of  greatly  varying  dimensions.    At  first  sight  the  idea  of  a  oei 
etery  is  suggested,  although  on  examination  it  is  foand  that  the 
apon  the  solid  rock  surfaces  is  but  a  few  inches  deep,  or  if  deeper,  ^ 
compact  that  with  the  best  implements  it  is  very  aifficnlt  to  peac 
trate  it. 

On  the  west  bank  of  the  Dolores,  near  the  second  bend,  I  came  npo| 
a  duster  of  these  standing  stones  on  the  summit  of  a  low,  rounded  hi ' 
and  in  the  midst  of  a  dense  growth  of  full-grown  pifion  pines.  Scatt 
over  the  ground  were  many  fragments  of  the  ordinary  varieties  of  pot« 
tery,  together  with  arrow-points  and  chips  of  obsidian,  agate,  aof 
quartz. 

The  rows  of  stones  were  arranged  to  inclose  a  number  of  parallc 
grams  that  would  probably  average  3  feet  by  8  in  dimensions, 
stones  were  generally  quite  flat,  and  never  more  than  2  feet  in  length 
width.    They  were  not  perceptibly  cut  or  dressed.    Many  of  them  ht 
fallen  over  and  lay  strewn  irregularly  about,  while  few  of  them  wc 
buried  deeper  than  a  few  inches.    The  soil,  however,  was  nnasoall] 
firm,  and  it  was  with  the  greatest  difficulty  that  we  succeeded  in 
trating  to  the  depth  of  2  feet.    Near  the  surface  were  a  few  thin  lay( 
of  bits  of  pottery  and  charcoal,  but  at  6  inches  in  depth  the  soil  had 
apparently  never  been  disturbed. 

That  the  placing  of  these  stones  occurred  at  a  very  early  date  is  it- 
tested  by  the  growth  of  forest,  which  is  at  least  three  or  four  hundred 
years  old.    In  a  number  of  cases  the  stones  are  deeply  embedded  Iq  the  I 
sides  and  roots  of  the  trees. 

At  two  other  localities  near  the  south  bend  of  the  Bio  Dolores  lob- 
served  similar  groups  of  standing  stones,  about  which  was  the  osaal 
accompaniment  of  pottery  and  flint  chips. 

On  a  high  promontory  between  the  McElmo  and  Hovenweep  cafions, 
at  their  junction,  I  discovered  a  fine  group  of  similar  remains.  Here  a 
number  of  the  enclosures  were  circular,  and  in  a  few  cases  were  as  modi 
as  20  feet  in  diameter.  A  full  description  of  this  locality  will  be  foofld 
in  Mr.  Jackson's  report. 

The  impression  that  these  places,  if  not  actually  burying-groandfi, 
were  at  least  places  used  for  the  performance  of  funeral  rites  is  ooa- 
firmed  by  the  well-known  fact  that  many  of  the  American  tribes  perform 
these  rites  in  similar  situations,  the  remains  of  the  dead  being  burned 
or  left  to  decay  in  the  open  air. 

The  occurrence  of  such  quantities  of  pottery  and  arrow-points  sug- 
gests the  idea  that  these,  and  perhaps  other  more  destructible  articles, 
may  have  been  left  with  the  dead  to  be  used  by  the  departed  spirit  on  its 
way  to  the  "  happy  hunting  grounds." 

The  accompanying  plates  are,  with  a  few  exceptions,  reproductions  of 
pen-drawings.  The  plans  are  not  drawn  to  a  uniform  scale,  because  of 
the  inconvenience  of  such  an  arrangement ;  but  measurements  are  so 
frequently  given  on  the  plates  themselves  that  no  confusion  need  occor. 
Measurements  were  taken  by  tape-line  in  all  the  more  important  stnict- 
ures ;  but  in  many  of  the  ordinary  ruins,  where  exact  dimensions  were 
not  considered  essential,  the  distances  were  estimated.  It  is  to  he 
greatly  regretted  that  extreme  haste  frequently  prevented  close  and 
accurate  work. 

The  map  which  follows  this  report  will  give  the  location  of  all  the 
more  important  groups  of  ruins. 
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HUINED  VILLAGE  ON  THE  BIO  LA  PLATA. 

Plate  XXX. 

The  first  group  of  ruins  observed  is  situated  on  the  Bio  La  Plata, 
about  twenty-five  miles  above  its  junction  with  the  San  Juan,  and 
five  miles  south  of  the  New  Mexican  line.  It  is  doubtless  the  re- 
mains of  a  large  irregular  village,  and  stands  on  a  low  terrace,  some  20 
feet  above  the  river-bed,  and  near  the  centre  of  a  large,  fertile  valley. 

It  will  be  seen,  by  reference  to  the  plate,  which  includes  only  the 
more  important  part  of  the  town,  that  the  buildings  have  been  isolated, 
and,  in  a  measure,  independent  of  each  other,  differing  in  this  respect 
from  most  of  the  groups  of  ruins  farther  south  and  west. 

The  forms  are  chiefly  rectangles  and  circles ;  one  or  two  seem  to  have 
been  elliptical,  while  a  number  have  consisted  of  irregular  groups  or 
clusters  of  apartments.  All  that  now  remains  to  mark  the  site  of  these 
ancient  structures  are  the  low,  rounded  heaps  and  lines  of  dSbris^  com- 
posed of  earth,  water-worn  pebbles,  and  small  fragments  of  sandstone. 
The  walls  of  four  of  the  main  structures  are  quite  distinctly  marked* 
That  of  the  circle  o  is  still  4  feet  high  on  the  outside,  and  incloses  a  de- 
pression, probably  an  estufay  which,  in  the  center,  is  2  or  3  feet  below  the 
terrace-level. 

North  of  this,  about  300  feet,  is  a  truncated  rectangular  mound,  9  or 
10  feet  in  height  and  50  feet  in  width  by  80  in  length.  On  the  east  end, 
near  one  of  the  angles,  is  a  low,  projecting  pile  of  debris  that  may  have 
been  a  tower.  There  is  nothing  whatever  to  indicate  the  use  of  this 
structure.  Its  flat  top  and  height  give  it  more  the  appearance  of  one 
of  the  sacrificial  mounds  of  the  Ohio  Valley  than  any  other  observed 
in  this  part  of  the  West.  It  may  have  been,  however,  only  a  raised 
foundation,  designed  to  support  a  superstructure  of  wood  or  adobe. 

North  of  this,  again,  and  100  feet  distant,  is  a  rectangular  inclosure 
about  60  by  100  feet.  It  is  slightly  excavated  in  the  centre,  and  the 
rounded  and  irregular  wall  is  from  4  to  6  feet  in  height.  The  space  be- 
tween this  and  the  last-mentioned  structure  is  filled  in  to  the  depth  of  2 
or  3  feet,  and  the  amount  of  dihria  about  their  bases  indicates  original 
walls  of  considerable  height.  North  of  this  are  scattered  a  number  of 
inferior  ruins,  the  walls  of  which  are  not  always  distinctly  marked.  These 
extend  back  toward  a  row  of  low  hills,  the  remnants  of  a  superior  ter- 
race, on  the  summits  of  which  a  number  of  artificial  depressions  were 
found.  Such  ^<  dug  holes"  are  generally  quite  numerous  in  the  vicinity 
of  these  ruins,  and  have  doubtless  in  many  cases  been  made  by  throw- 
ing up  earthworks  for  defensive  purposes.  South  of  the  large  circle  is 
a  mass  of  ruins  covering  some  15,000  square  feet,  but  so  much  reduced 
that  nothing  further  could  be  determined  than  the  fact  that  it  had  con- 
tained a  large  number  of  irregular  apartments.  Next  to  this  is  a  rect- 
angular ruin,  containing  three  well-marked  apartments.  Its  walls  are 
6  or  7  feet  high,  and,  unlike  those  of  the  preceding  examples,  do  not 
.  coincide  with  the  cardinal  points.  South  of  this,  and  occupying  the 
extreme  southern  end  of  the  terrace,  are  a  number  of  small  circles  and 
mounds,  while  an  undetermined  number  of  diminutive  mounds  are  dis- 
tributed among  the  other  ruins. 

To  the  east  of  the  Indian  trail,  as  shown  in  the  plate,  are  a  number  of 
inclosnres  of  lesser  importance,  which,  from  want  of  time,  were  not 
closely  examined. 

Nowhere  about  these  ruins  are  there  any  considerable  indications  of 
defensive  works,  and  the  village,  which  is  scattered  over  an  area  fully 
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two  miles  in  ciroait,  has  no  natural  defensive  advantages  whateve 
Neither  are  there  traces  of  ditches,  nor  of  anything  that  might  throl 
important  light  npon  the  habits  or  occupations  of  the  people.   A  fei 
arrow-heads  and  minate  catting-implements  were  picked  ap.    Goant 
chips  of  jasper,  obsidian,  and  flint  were  scattered  aronnd,  and  the 
was  literally  fall  of  fragments  of  painted  and  indented  pottery. 

On  the  opposite  side  of  the  river,  and  at  intervals  above  and  bdc 
are  isolated  groups  of  ruins  and  heaps  of  debris — certainly  the  remaini 
of  dwellings.    These  seem  to  be  distributed  very  much  as  dweUinghoi 
are  in  the  rural  districts  of  civilized  and  peaceable  communities. 

It  is  possible  that  there  are  undiscovered  ruins  on  this  stream  eqoall] 
important  with  those  described  ]  for,  in  pursuing  my  geologic  iuve^tij 
tions,  I  was  compelled  to  take  a  long  detour  to  the  westward  fromtbi 
point,  returning  to  the  La  Plata  again  a  few  miles  above  its  janctioi 
with  the  San  Juan.    On  this  occasion,  while  riding  through  a  desei' 
like  locality,  quite  naked  and  barren,  much  resembling  the  well-knovi 
Mauvaises  terres^  I  was  surprised  to  observe  fragments  of  pottery  strei 
around,  and  presently  a  number  of  ruins,  in  a  very  reduced  state  anj 
almost  covered  by  the  drifting  sand,  and  this  six  or  eight  miles  from  w{ 
On  the  high,  dry  table-lands,  on  all  sides,  tragments  of  pottery  wei 
picked  up.    What  could  have  induced  people  to  build  and  dwell  in  sac 
a  locality  it  is  useless  to  surmise. 

GEOUP  OF  CAVE-DWELLINGS  ATO)  TOWERS  ON  THE  BIO  SAN  JUA5. 

Plate  XXXI. 

On  the  San  Juan  River,  about  thirty -five  miles  below  the  month  of  tbe 
La  Plata  and  ten  miles  above  the  Mancos,  occurs  the  group  of  rains 
figured  in  Plate  II. 

The  river  is  bordered  here  by  low  lines  of  bluflfe  formed  from  the  more 
compact  portions  of  the  Middle  Cretaceous  shales.  At  this  particular 
plsice,  the  vertical-bluff  face  is  from  35  to  40  feet  in  height. 

I  observed,  in  approaching  from  above,  that  a  ruined  tower  stood 
near  the  brink  of  the  cliff,  at  a  point  where  it  curves  outward  toward 
the  river,  and  in  studying  it  with  my  glass  detected  a  number  of  cave- 
like oi)enings  in  the  cliff-face  about  half-way  up.  On  examlDation,  I 
found  them  to  have  been  shaped  by  the  hand  of  man,  bat  so  weathered 
out  and  changed  by  the  slow  process  of  atmospheric  erosion  that  tlie 
evidences  of  art  were  almost  obliterated. 

The  openings  are  arched  irregularly  above,  and  generally  quite  shal- 
loW|  being  governed  very  much  in  contour  and  depth  by  the  quality  of 
the  rook.  The  work  of  excavation  has  not  been  an  extremely  great 
one,  even  with  the  imperfect  implements  that  must  have  been  used,  as 
the  shale  is  for  the  most  part  soft  and  friable. 

A  hard  stratum  served  as  a  floor,  and  projecting  in  many  places  made 
a  narrow  platform  by  which  the  inhabitants  were  enabled  to  pass  along 
from  one  house  to  another. 

Small  fragments  of  mortar  still  adhered  to  the  firmer  -psafB  of  A^ 
walls,  from  which  it  is  inferred  that  they  were  at  one  time  plastered.  It 
is  also  extremely  probable  that  they  were  walled  np  in  front  and  fiv- 
nished  witdi  doors  and  windows,  yet  no  fragment  of  wall  has  been  pre- 
served. Indeed,  so  great  has  been  the  erosion  that  many  of  the  caTW 
have  been  almost  obliterated,  and  are  now  not  deep  enough  to  giro 
shelter  to  a  bird  or  bat. 

This  oiioamstance  should  be  considered  in  reference  to  its  Besifog 
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opoD  the  qaestion  of  antiqnity.  If  we  suppose  the  recess  to  be  destroyed 
is  six  feet  deep,  the  entire  cliff  must  recede  that  number  of  feet  in  order 
to  accomplish  it.  If  the  rock  were  all  of  the  friable  quality  of  the  mid- 
^e  part,  this  would  indeed  be  the  matter  of  a  very  few  decades ;  but  it 
should  be  remembered  that  the  upper  third  of  the  cliff-face  is  composed 
^f  beds  of  comparatively  hard  rocks,  sandstones,  and  indurated  shales. 
It  should  also  be  noted  still  farther  that  at  the  base  of  the  cliff  there  is 
•an  almost  total  absence  of  dSbris^  or  fallen  rock,  or  even  of  an  ordinary 
talus  of  earth,  so  that  the  period  that  has  elapsed  since  these  houses 
were  deserted  must  equal  the  time  taken  to  undermine  and  break  down 
the  six  feet  of  solid  rock,  pins  the  time  required  to  reduce  this  mass  of 
xock  to  dust ;  considering  also  that  the  erosive  agents  are  here  unusually 
weak,  the  resulting  period  would  certainly  not  be  inconsiderable. 

figure  2  gives  a  fair  representation  of  the  present  appearance  of  these 
-dwellings,  while  their  relations  to  the  group  of  ruins  above  will  be 
understood  by  reference  to  Figure  1.  These  ruins  are  three  in  number — 
one  rectangular  and  two  circular.  The  rectangular  one,  as  indicated  in 
the  plan  O,  is  placed  on  the  edge  of  the  mesa,  over  the  more  northern 
;groap  of  cave-dwellings ;  it  is  not  of  great  importance,  being  only  34 
by  40  feet,  and  scarcely  2  feet  high }  the  walls  are  1^  feet  thick,  and 
built  of  stone. 

The  small  tower  B  is  situated  on  the  brink  of  the  cliff,  directly  above 
one  of  the  principal  groups  of  cave-houses.  It  is  neatly  built  of  stone, 
which,  although  not  hewn,  is  so  carefully  chosen  and  adjusted  to  the 
oorve  that  the  wa.ll  is  quite  regular.  That  the  stone  was  procured  from 
the  neighboring  cliffs  is  indicated  by  the  presence  of  great  numbers  of 
oharacteristic  fossils.  The  wall  is  18  inches  thick  and  from  2  to  6  feet 
in  height. 

Long  lines  oj?  dibfis^  radiating  from  all  sides,  indicate  that  it  has 
been  much  higher,  and  has  but  recently  fallen.  This  tower  is  enclosed 
by  a  wall,  also  circular  in  form,  but  open  toward  the  cliff,  as  seen  in  the 
drawing;  the  ends  projecting  forward  and  irregular  and  broken  as  if 
portions  had  fallen.  Its  construction  is  like  that  of  the  inner  wall,  but 
the  height  is  not  more  than  3  feet  at  any  point.  The  diameter  of  the 
inner  circle  is  12  feet,  that  of  the  outer  22  feet ;  the  distance,  therefore, 
between  the  walls  is  a  little  less  than  4  feet.  In  this  space  there  are 
aodications  of  partition- walls  that  have  originally  divided  it  into  a  nnm« 
ber  of  apartments. 

About  one  hundred  and  fifty  yards  to  the  southwest  of  this  ruin  are 
the  remains  of  anothw  similar  structure.  It  has  been,  however,  on  a 
mueh  grander  scale.  The  walls  are  26  inches  thick,  and  indicate  a 
diameter  in  the- outer  wall  of  about  140  feet.  They  are  not  above  4  feet 
liigh  at  any  point,  and  in  the  parts  towajrd  the  cliff  can  only  be  traced 
by  a  low  ridge  of  earth.  The  remaining  fragments  of  wall  are  at  the 
remoter  parts  of  the  circles,  and  are  in  every  respect  like  the  walls 
already  desedbed.  The  inner  wall,  which  can  be  traced  but  a  short  dis- 
tance, is  Si  feet  firom  the  outer,  and  has  been  connected  by  parjbitiou* 
walls,  as  in  the  other  case. 

The  first  impression  given  by  this  curious  enelosure  is  that  it  was 
designed  for  a  ^* corral",  and  used  for  the  protection  of  herds  of  domes- 
tic animals;  but  since  these  people  are  not  known  to  have  possessed 
domestio  animals,  and  when  we  further  consider  that  enclosures  of  pickets 
would  have  served  this  purpose  as  well  as  such  a  massive  and  extraor- 
dinary stractore,  we  can  haxdly  avoid  assigning  it  to  some  other  use, 
which  use,  doubtless  similar  to  that  of  the  smaUer  tower,  is  very  natu- 
Qdly  suggested  by  its  location  and  construction. 
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That  they  both  belonged  to  the  community  of  cave-dwellers,  and  8^-ved 
as  their  fortresses,  conncil-chambers,  and  places  of  worship,  would  seem 
to  be  natural  and  reasonable  inferences.  Being  on  the  border  of  a  low 
mesa  country  that  rises  towards  the  north,  the  strong  outside  walls  were 
doubtless  found  necessary  to  prevent  incarsions  from  that  directioD^ 
while  the  little  community  by  means  of  ladders  would  be  free  to  pass 
from  dwelling  to  temple  and  fortress  without  danger  of  molestatioo. 

The  original  height  of  these  structures  must  necessarily  be  a  malter 
of  conjecture,  and  it  is  true  that  although  there  is  every  evidence  of  age, 
both  in  the  cave-dwellings  and  in  the  walled  enclosures  above,  the  lack 
of  great  quantities  of  crumbling  walls  and  dSbris,  and  the  general  ba^^ 
ness  of  the  ruins,  give  rise  to  the  notion  that  they  were  but  meagre 
affairs.  If  we  conclude,  however,  that  the  outer  walls  were  constnicted 
for  defence,  and  their  thickness  and  form  favor  such  a  hypothesis,  their 
height  would  probably  have  been  as  great  as  fifteen  or  twenty  feet, 
while  the  inner  walls,  being  equally  heavy  and  well  built,  would  be  sot- 
flciently  high  to  accommodate  two  or  three  stories. 

The  manner  of  walling  up  the  fronts  of  the  cave  dwellings,  asheie 
given,  was  observed  frequently  on  the  Rio  Mancos,  where,  in  correspond- 
ing cliffs  of  shaly  sandstones,  there  are  many  well-preserved  specimens. 
A  large  group  situated  on  this  stream,  about  ten  miles  above  its  moath, 
was  subsequently  examined.  The  walls  were  in  many  places  quite  well 
preserved  and  new-looking,  while  all  about,  high  and  low,  were  others 
in  all  stages  of  decay.  In  one  plsee  in  particular,  a  pictni'esqne  oot- 
standing  promontory  has  been  full  of  dwellings,  literally  honey-oombed 
by  this  earth- burrowing  race,  and  as  one  from  below  views  the  ragged, 
window-pierced  crags  (see  Plate  XXXIl),  he  is  unconsciously  led  to 
wonder  if  they  are  not  the  ruins  of  some  ancient  castle,  behind  whose 
mouldering  walls  are  hidden  the  dread  secrets  of  a  long-forgotteu  people; 
but  a  nearer  approach  quickly  dispels  such  fancies,  for  the  windows 
prove  to  be  only  the  door-ways  to  shallow  and  irregular  apartments, 
hardly  sufficiently  commodious  for  a  race  of  pigmies.  Neither  the  outer 
openings  nor  the  apertures  that  communicate  between  the  caves  are 
large  enough  to  allow  a  person  of  large  stature  to  pass,  and  one  is  led 
to  suspect  that  these  nests  were  not  the  dwellings  proper  of  these  people, 
but  occasional  resorts  for  women  and  children,  and  that  the  somewhat 
extensive  ruins  in  the  valley  below  were  their  ordinary  dwelling-plaoee. 
On  the  brink  of  the  promontory  above  stands  the  ruin  of  a  tower,  still 
twelve  feet  high,  and  similar  in  most  respects  to  those  already  described. 
These  round  towers  are  very  numerous  in  the  valley  of  the  Maocos- 
From  this  point  alone  at  least  three  others  are  in  view,  some  on  the 
higher  prbmontories,  others  quite  low,  within  twenty  or  thirty  feet  of 
the  river-bed.  I  visited  and  measured  seven  along  the  lower  fifteea 
miles  of  the  course  of  this  stream.  In  dimensions  they  range  £rom  ten 
to  sixteen  feet  in  diameter  and  from  five  to  fifteen  feet  in  height,  while 
the  walls  are  from  one  to  two  feet  in  thickness.  They  are  in  nearly  eveiy 
case  connected  with  other  structures,  mostly  rectangular  in  form.  At 
the  mouth  of  the  Mancos,  however,  a  double  circle  occurs,  the  smaller 
one  having  b^n  the  tower  proper.  It  is  fifteen  feet  in  diameter,  and 
firom  eight  to  ten  in  height.  The  larger  cin^ular  wall  is  forty  foet  in 
diameter  and  from  two  to  four  feet  high,  and  is  built  tangent  to  the 
smaller.  This  ruin  is  at  the  point  where  the  Mancos  reaches  the  alln- 
vial  bottom  bordering  the  Rio  San  Juan,  and  about  one  mile  i^veito 
junction  with  that  river.  On  the  opposite  or  south  side  of  the  river  are 
traces  of  somewhat  extensive  ruins,  but  so  indistinct  that  the  charadier 
of  the  original  structures  cannot  be  made  out,  and  indeed  no  single 
mile  of  the  lower  fifty  of  the  Mancos  is  without  such  remains. 
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CAl^fON  OF  THE  BIO  MANGOS. 

Fifteen  miles  from  its  janction  with  the  San  Jnan,  this  stream  emerges 
from  tbe  southwest  border  of  the  Mesa  Verde,  through  which  it  has  cat 
its  way,  producing  a  most  remarkable  canon.  This  caiion  has  already 
been  once  or  twice  described;  but,  in  order  to  make  my  subsequent 
descriptions  better  understood,  I  shall  give  here  an  outline.  The  Mesa 
Verde  is  a  somewhat  irregular  table-land,  comprising  an  area  of  about 
seven  hundred  square  miles,  and  is  formed  of  a  great  series  of  neleurly 
horizontal  sedimentary  rocks,  of  which  the  surrounding  country  has 
been  denuded.  This  series  of  strata  consists,  in  the  upper  part,  of 
massive  sandstones ;  in  the  middle  part,  of  alternating  sandstones  and 
shales ;  and  in  the  lower  one  thousand  feet,  chiefly  of  shales  and  clay. 
These  softer  beds  are,  when  once  exposed  to  the  erosive  agents,  carried 
away  with  great  rapidity,  and,  as  a  consequence,  the  firmer  rocks  above 
are  undermined  and  break  down  in  vertical  cliffs,  and^  where  soft  and 
hard  beds  alternate,  a  series  of  steps,  with  intervening  slopes,  is  formed. 
It  will  readily  be  seen  that  a  cafion  thus  formed  would  consist  in  gen- 
eral of  a  narrow,  irregular  river-bottom,  long  steep  slopes  of  dSbris  ris- 
ing like  the  arms  of  a  letter  V  from  this,  then  a  succession  of  steeps  and 
slopes,  culminating  above  in  a  series  of  lofty,  embattled  cliffs.  The 
canon  is  nearly  thirty  miles  in  length,  and  ranges  from  one  to  two  thou- 
sand feet  in  depth.  It  seems  to  have  been  a  favorite  resort  of  the  cliff- 
building  people,  and  traces  of  their  industry  may  be  found  everywhere, 
along  the  bottoms,  in  the  cliffs,  and  on  the  high,  dry  table-lands  above. 

Tbe  six  following  plates  will  be  taken  up  in  the  delineation  of  the 
more  interesting  portions  of  these  remains. 

PLATES  XXXni  AND  XXXIY. 

Figure  1,  Plate  XXXIII,  illustrates  the  method  of  walling  up  the 
cave-fronts  as  described  on  a  preceding  page.  This  sketch  was  made  at 
the  last-mentioned  locality  on  the  Bio  Mancos.  The  group  occurred  in 
the  cliff  about  thirty  feet  from  the  base.  The  three  door-ways  opened 
into  as  many  small  apartments,  and  these  were  connected  with  each 
other  by  very  small  passage-ways.  The  farther  door  could  not  be 
reached  from  the  outside^  as  the  platform  of  rock  had  broken  away. 
See  foreground  in  Plate  XXXII. 

Figure  2  gives  a  plan  of  the  double  tower  near  the  mouth  of  the  Man- 
cos  ;  it  has  already  been  described. 

The  ruin,  of  which  apian  is  given  in  Figure  3, occurs  on  the  left  bank 
of  the  Mancos  about  eight  miles  above  the  foot  of  the  cafiou.  It  is  one 
of  the  best  preserved  specimens  of  the  ruined  towers,  and  seems  to  have 
been  built  with  much  skill.  (See  Plate  XXXIV.)  It  is  9  feet  in  diam- 
eter  on  the  inside  and  about  16  feet  high.  There  are  three  rectangular 
apartments  attached,  the  walls  of  which  are  almost  levelled  with  the 
ground.  In  the  side  of  the  tower  facing  the  river  is  a  window,  about  8 
feet  from  the  ground  and  2  feet  high  by  1^  wide.  I  had  been  previously 
led  to  the  conclusion  that  these  towers  were  in  all  cases  built  without 
windows  or  openings  of  any  kind  within  reach  of  the  ground  from  with- 
out, and  it  is  not  improbable  that  this  opening  did  not  communicate 
with  the  outside,  but  served  as  a  door-way  between  the  tower  and  one 
of  the  adjoining  apartments.  The  advantage  of  such  an  arrangement 
in  a  defensive  work,  such  as  we  may  suppose  this  to  have  been,  is  clearly 
apparent,  and  evinces  not  a  little  intelligence  and  forethought  on  the 
part  of  the  builders.   Being  built  in  connection  with  dwellings  and  pla^ses 
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of  resort,  they  could,  in  cage  of  alarm,  be  reached  with  ease  fh>m  within, 
bat  be  altogether  secure  from  without. 

Figure  4.  The  large  circular  ruin,  of  which  a  gronnd-plan  is  given  in 
this  plate,  was  also  visited  by  Mr.  Jackson,  photographs  were  made, 
and  a  brief  description  given :  but  I  deem  it  best  to  give  a  more  do- 
tailed  description,  the  result  of  such  observations  and  measarem^its  as 
could  be  made  in  a  period  of  time  entirely  too  short  for  a  work  of  sadi 
importance. 

This  ruin  is  situated  on  a  narrow  strip  of  alluvial  bottom  about  mid- 
way in  the  cafion  of  the  Mancos.  On  first  approaching  it,  one  does  not 
observe  that  it  differs  greatly  from  the  ordinary  fragmentary  structures 
below,  as  it  is  much  decayed  and  almost  hidden  by  artemisia  and  vines. 
Closer  inspection,  however,  develops  the  greater  part  of  the  outline,  and 
I  imagine  that  a  little  excavation  would  bring  all  the  foundations  to 
light.  The  inner  wall  can  be  traced  throughout  the  entire  circle,  and  is 
in  places  6  or  8  feet  high.  A  portion  of  the  outer  wall,  at  the  point  flur- 
thest  from  the  river,  is  still  12  feet  in  height  and  in  a  fair  state  of  pres- 
ervation. The  space  betweeti  the  walls  has  been  divided  into  cells,  as 
in  tile  two  examples  given  in  Plate  XXXI.  Four  of  the  cross- walls  ue 
still  a  number  of  feet  high,  while  others  can  be  traced  by  lines  of  dSbris. 
The  diameter  of  the  outer  wall  is  43  feet ;  that  of  the  inner,  25  feet 
They  are  faced  up  with  larger  ^ones  than  usual  (the  heaviest  of  whidi, 
however,  could  be  lifted  with  ease  by  a  single  workman),  and  have  been 
filled  in  with  rubble,  adobe,  and  wood.  The  outside  courses  have  been 
dressed  to  the  curve,  and  the  implements  used,  judging  from  the  appear- 
ance of  the  picked  surfaces,  have  been  of  stone.  The  main  walls  are  21 
inches  in  thickness,  while  the  partition- walls  are  somewhat  lighter,  and 
seem  to  have  been  but  slightly  built  into  the  circular  walls. 

In  order  to  determine  the  probable  number  of  these  cells,  I  measured 
the  two  having  complete  walls,  and  found  the  inner  side  of  each  to  be 
d  feet.  As  these  were  both  on  one  side  of  the  circle,  I  had  bat  to 
measure  the  remaining  space  to  complete  the  semicircle,  and  on  so  doing 
found  that  there  was  just  room  for  three  additicmal  cells  and  tiie  neces- 
sary partition-walls;  two  of  these  were  still  traceable.  To  complete  tiie 
circle,  therefore,  ten  apartments  would  be  necessary.  Bdng  desirous 
of  confirming  this  conclusion,  I  took  the  diameter  of  the  inn^  circle, 
as  given  in  my  notes,  and,  by  adding  twice  the  thickness  of  the  waU, 
obtained  a  circumference  of  89^  feet ;  just  sufficient  space  to  accommo- 
date ten  apartments,  with  an  equal  number  of  partition-walls  a  fraction 
less  than  12  inches  in  thickness. 

By  adding  to  the  diameter  of  the  inner  circle  the  total  thickness  of 
the  walls,  plus  twice  the  distance  between  them,  I  obtained  a  diameter 
of  43  feet  for  the  outer  circle.  The  circuit  of  the  structure  is,  therefore, 
135  feet  Although  these  figures  are  greater  than  those  previously  giTen 
(estimated),  I  am  confident  that  they  cannot  vary  greatly  from  the  trach. 

There  were  no  indications  of  windows  or  doors  in  the  fragment  of 
outer  wall,  but  two  nearly  rectangular  openings  in  the  inner  wall  seem 
to  have  served  as  door- ways  between  the  central  enclosure  and  the  oells. 
We  may  suppose  that  each  cell  had  similar  means  of  communication  with 
the  interior.  The  one  door -way  that  remains  entire  is  6  feet  from  the 
ground,  and  measures  2  feet  in  width  by  3  in  height.  The  stone-work 
of  the  facing  is  very  neat  and  exact,  and  the  lintel  is  of  a  single  slab 
of  sandstone.  It  may  be  fairly  presumed  that  the  outer  wall  had  no 
door-ways  or  windows  within  reach  of  the  ground,  and  that  eatraace 
was  obtained,  by  means  of  ladders,  through  high  windows  or  by  way  of 
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the  roof.  The  centml  eDclosnre  has  doubtless  served  as  an  estufa^  and 
t^re  are  still  evidences  of  a  considerable  depression. 

That  this  ruin  is  quite  ancient  is  attested  by  the  advanced  stage  of 
decay,  and  that  it  has  been  of  considerable  height  may  be  inferred  from 
tiie  large  quantities  of  debris.  A  similar  and  somewhat  more  perfect 
example  of  double- walled  tower  is  illustrated  in  Plate  XXXIX. 

There  seem  to  have  been  no  buildings  of  importance  in  connection 
with  this  ruin,  but  many  in  the  vicinity.  On  the  point  of  a  low  rocky 
promontory  that  extends  down  from  the  mesa  on  the  west  to  within  a 
iew  yards  of  the  circular  rain  are  some  masses  of  decaying  wall,  and  a 
large  circular  depression,  not  differing  in  appearance  from  the  usual 
eatufa* 

It  is  probable  that  there  are  other  remains  higher  up  on  the  rocky 
slope;  indeed,  others  could  be  seen  from  the  trail,  but  I  found  no  time 
to  visit  them. 

A  few  hundred  yards  below  the  great  tower,  and  very  near  the  trail, 
a  smaller  tower  occurs,  having  other  ruins  connected  with  it,«nd  in  a 
weather-worn  cavity  in  a  massive  crag  near  by  is  the  cosy  littiie  dwell- 
ing shown  in  Figure  5. 

The  rude  little  fire-place  illustrated  in  Figure  6  was  observed  by  Mr. 
Brandegee  in  connection  with  a  cliff-house  on  the  opposite  side  of  the 
canon,  a  little  farther  up.  It  is  remarkable  as  being  the  only  example 
discovered  by  our  party.  There  seem  to  be  no  traces  whatever  of  fire- 
places, ovenSy  furnaces,  or  chimneys  iu  6r  about  any  of  the  ruiDS 
described,  which  is  rather  remarkable,  since  fires  must  have  been  used 
in  baking  pottery  and  for  domestic  purposes,  and  we  cannot  suppose 
that  a  people  so  well  advanced  in  architectural  skill  were  unable  to 
build  fire-places  and  furnaces. 

PLATE  XXXV.— CLIFF-HOUSES  OF  THE  MANGOS. 

Tbis  plate  illustrates  one  of  the  more  interesting  groups  of  cliff-houses, 
or  fortresses  of  the  Kio  Mancos.  It  occurs  about  ten  miles  from  the 
foot  of  the  caiiOQ  in  a  subordinate  cliff  on  the  west  side.  This  low  cliff 
m  of  massive  sandstone,  and  is  washed  by  the  river,  the  trail  being 
erowded  back  against  the  steep  wall.  At  the  height  of  about  40  feet 
Move  the  river,  a  bed  of  shale  occurs  in  the  sandstone,  which,  being 
easily  disintegrated,  has  been  weathered  out  and  carried  away,  leaving 
a  sort  of  horizontal  groove  some  4  feet  high  and  from  4  to  6  feet  deep. 
In  tbis  a  row  of  diminutive  houses  has  been  built.  Three  of  these  are 
alm^ost  perfect,  having  a  fresh  new  look  that  certainly  belies  their  age. 
Foxtr  others  are  much  more  decayed,  and  fragments  of  wall  only  cling 
to  the  cliffs.  They  have  been  made  to  occupy  the  full  height  and  depth 
of  the  crevice,  so  that  when  one  reaches  it  at  the  only  accessible  point, 
he  is  between  two  houses  and  must  pass  through  these  to  get  at  the 
others.  The  door-ways  are  quite  small  and  bear  no  evidence  of  the  flt- 
tiog  or  hanging  of  doors  ^  and  the  windows,  of  which  a  number  open  to 
the  front,  ace  but  a  few  inches  square. 

The  wtdls  are  strongly  built  and  are  fh)m  eight  to  ten  inches  thick. 
The  stones  are  small,  dressed  roughly  od  tiie  outside,  and  laid  in  mortar. 

In  many  places  the  heavier  seams  of  mortar  have  been  chinked  with 
bits  of  pottery  and  small  flakes  of  sandstone.  The  marks  of  the  masons' 
pick  are  as  fresh  as  if  made  within  a  few  years,  and  the  fine,  hard  mud- 
mortar  which  has  been  apj^ed  with  the  bare  hands,  still  retains  impres- 
sions of  the  minute  markings  of  the  cuticle  of  the  fingers. 

The  house  at  the  left  hand  in  the  drawing  has  two  apartments,  the 


394  REPORT   UNITED   STATES   GEOLOGICAL   SURVEY. 

farthest  of  whicl;i  has  a  carved  wall  conforming  with  the  rounded  end 
of  the  crevice  floor^  which,  beyond  this  for  some  distance,  is  broken 
down. 

Specimens  of  the  mortar  and  of  the  dressed  stone  were  procured  from 
this  house  and  brought  East.  Below  the  middle  part  of  this  line  of 
houses,  on  an  irregular  projection,  are  the  remains  of  a  number  of  wi^ls,  / 
in  such  a  state  of  ruin,  however,  that  the  character  of  the  (»'iginal 
structure  could  not  be  made  out.  In  digging  among  the  debris  of  this 
ruin,  I  came  upon  a  bin  of  charred  corn,  in  which  the  forms  of  the  ears 
were  quite  perfect.  This  corn  seems  to  be  of  a  variety  similar  to  that  col* 
tivated  by  the  tribes  of  the  neighborhood  at  the  present  time. 

That  this  com  had  been  placed  there  by  the  ancient  occupants  seems 
probable  from  the  fact  that  it  occupied  a  sort  of  basement  apartment  or 
cellar,  and  had  been  buried  beneath  the  fallen  walls  of  the  saperstmc- 
tures.  Embedded  in  this  mass  of  charcoal,  I  found  the  very  perfect 
specimen  of  stone  implement  figured  in  Plate  XLYI  (Figure  3).  Many 
large  fragments  of  the  ordinary  painted  pottery  were  also  picked  np 
here.  A  certain  new  look  about  portions  of  this  group  leads  one  to  sos- 
pect  that  it  cannot  boast  of  great  antiquity;  but  it  is  very  difficult  to 
calculate  the  effects  of  age  upon  walls  so  perfectly  protected  and  in  mh 
a  climate. 

PLATE  XXXVL 

The  group  given  in  this  plate  is  of  a  very  interesting  and  remarkable 
character.  It  was  first  observed  from  the  trail  far  below  and  talOj 
one-fourth  of  a  mile  away.  From  this  point,  by  the  aid  of  a  MA- 
glass,  the  sketch  given  in  the  plate  was  made.  So  cleverly  sire  tte 
houses  hidden  away  in  the  dark  recesses,  and  so  very  like  the  aanonad* 
ing  cliffs  in  color,  that  I  had  almost  completed  the  sketch  of  the  upper 
house  before. the  lower  or  *^  sixteen-windowed  ^  one  was  detected.  l%egr 
are  at  least  eight  hundred  feet  above  the  river.  The  lower  five  hundred 
feet  is  of  rough  cliff-broken  slope,  the  remainder  of  massive  beddeS 
sandstone  full  of  wind-worn  niches,  crevices,  and  caves.  Wiliiin  one 
hundred  feet  of  the  cliff-top,  set  deep  in  a  great  niche,  with  arched,  over- 
hanging roof,  is  the  upper  house,  its  front  wall  built  along  the  Kflcy 
brink  of  a  sheer  precipice.  Thirty  feet  below,  in  a  similar,  but  itte 
remarkable  niche,  is  the  larger  house,  with  its  long  line  of  apienrtaxes, 
which  I  afterward  found  to  be  openings  intended  rather  for  the  inser- 
tion of  beams  than  for  windows. 

PLATE  xxxvn. 

I  subsequently  climbed  the  canon -walls  to  make  a  closer  examinatioii 
of  these  ruins,  and  the  plans  given  in  Plate  XXXYII  were  obtained. 

The  lower  house  was  easily  accessible,  and  proved  to  be  of  a  very 
interesting  character.  It  occupies  the  entire  floor  of  a  niche  whicb  is 
about  60  feet  long  and  15  in  depth  at  the  deepest  part.  The  front  waUs 
are  built  flush  with  the  precipice,  and  the  partition-walls  extend  back 
to  the  irregular  wall  of  rock  behind.  Portions  of  the  wall  at  tiie  left, 
viewing  the  house  from  the  front,  are  greatly  reduced;  but  the  main 
wall,  that  part  which  contains  the  window-like  openings,  is  still  13  or 
14  feet  high. 

The  arrangement  of  the  apartments  is  quite  complicated  and  curious, 
and  will  be  more  readily  understood  by  a  reference  to  the  groand-phm 
(Figure  1).  The  precipice-line,  or  front  edge  of  the  niche-floor,  extends 
from  a  to  b.    From  this  the  broken  cliffs  and  slopes  reach  down  to  the 
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trail  and  river,  as  shown  in  the  accompanying  profile  (Figare  3).  The 
line  bod  represents  the  deepest  part  of  tbe  recess,  against  which  the 
walls  are  built.  To  the  right  of  b,  the  shelf  ceases,  and  the  vertical  face 
of  rock  is  unbroken.  At  the  left,  beyond  a,  the  edge  is  not  so  abrupt, 
and  the  cliffe  below  are  so  broken  that  one  can  ascend  with  ease. 
Above,  tbe  roof  comes  forward  and  curves  upward,  as  seen  in  the  profile. 

The  most  striking  feature  of  this  structure  is  the  round  room^  which 
occurs  about  the  middle  of  the  ruin  and  inside  of  a  large  rectangular 
apartment. 

The  occurrence  of  this  circular  chamber  in  this  place  is  highly  signifi- 
cant, and  tends  greatly  to  confirm  my  previously-stated  opinion  that  the 
circle  had  a  high  significance  with  these  people.  Their  superstitions 
seem  to  have  been  so  exacting  in  this  matter  that,  even  when  driven 
to  the  extremity  of  building  and  dwelling  in  the  midst  of  these  desolate 
cliffs,  an  inclosure  of  this  form  could  not  be  dispensed  with;  a  circular 
estufa  had  to  be  constructed  at  whatever  cost  of  labor  and  convenience. 

Its  walls  are  not  high  and  not  entirely  regular,  and  the  inside  is 
curiously  fitahioned  with  offsets  and  box-like  projections.  It  is  plas- 
tered smoothly,  and  bears  considerable  evidence  of  having  been  used, 
although  I  observed  no  traces  of  fire.  The  entrance  to  this  chamber  is 
rather  extraordinary,  and  further  attests  the  peculiar  importance  at- 
tached to  it  by  tbe  builders,  and  their  evident  desire  to  secure  it  from  all 
possibility  of  intrusion.  A  walled  and  covered  passage-way,/,/,  of  solid 
masonry,  10  feet  of  which  is  still  intact,  leads  &om  an  outer  chamber 
through  the  small  intervening  apartments  into  the  circular  one.  It  is 
possible  that  this  originally  extended  to  the  outer  wall^  and  was  entered 
firom  the  outside.  If  so,  the  person  desiring  to  visit  the  estufa  would 
have  to  enter  an  aperture  about  twenty-two  inches  high  by  thirty  wide, 
and  crawl,  in  the  most  abject  manner  possible,  through  a  tube-like  pas- 
sage-way nearly  twenty  feet  in  length.  My  first  impression  was  that 
this  peculiarly-constructed  door-way  was  a  precaution  against  enemieSr 
and  that  it  was  probably  the  only  means  of  entrance  to  the  interior  of 
the  house ;  but  I  am  now  inclined  to  think  this  hardly  probable,  and 
conclude  that  it  was  rather  designed  to  render  a  sacred  chamber  as  free 
as  xx)ssible  from  profane  intrusion.  The  apartments  I,  Je^  m,  n  do  not 
reqaire  any  especial  description,  as  they  are  quite  plain  and  almost  empty. 
The  partition- walls  have  never  been  built  up  to  the  ceiling  of  the  niche,, 
and  tbe  inmates,  in  passing  from  one  apartment  to  another,  have 
climbed  over.  The  row  of  apertures  indicated  in  the  main  front  wall 
are  about  five  feet  from  the  floor,  and  were  doubtless  intended  for  the 
insertion  of  beams,  although  there  is  no  evidence  that  a  second  floor 
has  at  any  time  existed.  In  that  part  of  the  ruin  about  the  covered 
passage-way,  the  walls  are  complicated,  and  the  plan  can  hardly  be 
made  out,  while  the  curved  wall  enclosing  the  apartment  e  is  totally 
overthrown. 

In  digging  among  the  dibris  with  our  hammers,  we  came  upon  a  large 
earthen  vessel  at  aT,  and  shortly  afterward  discovered  another  near  i. 
They  were  so  situated  in  a  small  recess  under  the  sheltering  walls  that 
the  fiailling  rubbish  had  not  reached  them.  Boughly-hewn  stone  lids 
were  fitted  carefully  over  the  tops,  but  both  were  empty.  One  had  been 
slightly  broken  about  the  rim,  while  the  other  had  been  pierced  on  the 
under  side  by  some  sharp  instrument,  and  had  been  mended  by  laying 
a  small  fragment  of  pottery  over  the  aperture  on  the  inside  and  cement- 
ing it  down  with  clay.  They  are  of  the  ordinary  corrugated  pottery,, 
and  have  a  capacity  of  about  three  gallons. 

Beneath  the  vessels,  spread  out  on  the  floor,  was  a  large  piece  of  rush- 
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matting,  and  beneath  this  a  qaantity  of  fine  vegetable  tisane  from  the 
interior  bark  of  aome  kind  of  tree.  The  veeeels  are  illuBtrated  in  Plate 
XLIY,  and  the  matting  in  Plate  XLVL 

The  rock*faoe  between  thia  rnin  and  the  one  above  ia  amootli  and  ver- 
tical, bnt  by  paaaing  along  the  ledge  a  few  yarda  to  the  left  a  aloplDg 
face  waa  found,  np  whidi  a  stairway  of  amaJl  nichea  had  been  cat;  by 
meana  of  theae,  an  active  person,  nnencnmbered,  can  aaoend  with 
aafety.  On  reaching  the  top,  one  flnda  himaelf  in  the  very  doorway  of 
the  upper  honae  (a,  Figure  2)  without  atanding  room  outaide  of  the  wall, 
and  one  can  imagine  that  an  enemy  would  atand  but  little  chanceof 
reaching  and  entering  auoh  a  fortreaa  if  defended,  even  by  women  and 
children  alone.  The  poaition  of  thia  ruin  ia  one  of  unparalleled  aecority, 
both  from  enemiea  and  from  the  elementa*  The  almoat  vertical  diff 
deacenda  abmptly  from  the  front  wall,  and  the  Imm^iae  arched  roof  of 
aolid  atone  projecta  forward  15  or  20  teet  beyond  the  houae  (aee  aeotioo, 
Figure  3).  At  the  right  the  ledge  oeaaea,  and  at  the  left  atopa  ahiNrt 
against  a  maaaive  vertical  wall.  The  niche-atairway  afforda  the  odIj 
poaaible  meana  of  approach. 

The  honae  occupiea  the  entire  floor  of  the  niche,  which  ia  about  120 
feet  long  by  10  in  depth  at  the  deepeat  part.  The  front  wall  to  die 
right  and  left  of  the  door-way  ia  quite  low,  portiona  having  doubtiees 
fallen  off.  The  higher  wall,/^,  ia  about  30  feet  long,  and  fi^m  10  to  12 
feet  high,  while  a  very  low  rude  wall  extenda  along  the  more  inaoeesBi- 
ble  part  of  the  ledge,  and  terminatea  at  the  extreme  right  in  a  amall 
enclosure,  aa  aeen  in  the  plan  at  o. 

In  the  flrat  apartment  entered,  there  were  evidencea  of  fire,  the  walk 
^ind  ceiling  being  blackened  with  amoke.  In  the  aecoad,  a  member  of 
the  party,  by  digging  in  the  rubbiab,  obtained  a  quantity  of  beana,aDd 
in  the  third  a  numb^  of  graina  of  com,  hence  the  namea  given.  There 
are  two  amall  windowa  in  the  front  wall,  and  door-waya  oommnnioaite 
between  rooma  aeparated  by  high  partitiona. 

The  walla  of  theae  houaea  are  built  in  the  uaual  manner,  and  avemfe 
about  a  foot  in  thickneaa. 

The  upper  houae  aeems  to  be  in  a  rather  nnfiniahed  atate,  looking  as 
if  atone  and  mortar  had  run  abort.  When  one  conaidera  that  thm 
materiala  muat  have  l»een  brought  from  far  below  by  meana  of  ropea,or 
carried  in  amall  quantitiea  up  the  dangeroua  atairway,  the  only  wonder 
ia  that  it  waa  ever  brought  to  ita  preaeot  degree  of  flniah. 

Figure  3  ia  given  for  the  purpoae  of  making  clear  the  geologic  cqimH- 
tiona  that  give  ahape  to  the  diffa  aa  well  aa  to  ahow  the  relationa  of  tJieae 
houaea  to  the  cliffs.  The  hard  and  maaaive  beda  of  rock  reaiat  the 
^roaive  agenta ;  the  aoft  and  friable  beda  yield,  hence  the  irregularity— 
the  overhanging  diffa,  the  nichea,  and  benchea.  a  ia  a  aection  of  the 
lower  houae,  b  of  the  upper. 

It  baa  heretofore  been  anppoaed  that  the  occnpanta  of  theae  honaes 
obtained  water  either  from  the  river  below  or  from  apringa  on  the 
meaa  above  j  but  the  immenae  labor  of  carrying  water  np  theae  dilBEs,  aa 
well  aa  the  impoaaibility  oi  aecnring  a  supply  in  caae  of  a  aiege,  made  me 
auapect  the  existence  of  springs  in  the  cliffs  themaelvea.  In  three  or 
four  caaea  theae  apringa  have  been  found,  and  it  ia  evident  that  with  a 
climate  a  very  little  more  moiat  than  the  pFcaent,  a  plentifnl  anpply 
could  be  expected.  Bunning  water  waa  found  within  a  few  yarda  of  the 
group  of  houaea  just  deecribed,  and  Mr.  Brandegee  obaerved  water 
dripping  down  the  cliffa  near  a  group  of  amall  houaea  on  the  opposite 
«ide  of  the  cafion. 

nt  one  mile  farther  up  the  canon,  I  came  upon  the  ruin  photo- 
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graphed  by  Mr.  Jackson  in  1874,  and  minntely  described  .by  him  as  the 
two-story  cliff-house  of  the  Bio  Mancos.  It  is  also  in  the  cliffs  of  the 
north  side,  aboat  700  feet  above  the  river,  and  although  not  so  large  or 
complicated  in  design  as  the  hoose  jnst  described,  it  shows  higher  skill 
in  eonstmction  and  is  in  a  better  state  of  preservation.  It  is  also  ex- 
ceedingly difflcnlt  of  access.  It  seems  hardly  necessary  for  me  to  enter 
into  a  detailed  description,  as  little  can  be  added  to  what  has  already 
been  pablished  ;*  bnt  for  the  purpose  of  having  as  maeh  of  tiie  matter  to- 
gether as  possible  I  present  Plate  XXXVIII,  illastrating  some  of  the 
interesting  features  of  this  house. 

Figure  1  gives  the  ground-plan,  and  shows  the  position  of  the  house 
in  relation  to  the  floor  of  the  niche.  There  are  four  small  apartments 
only ;  the  front  one,  a,  being  10  feet  long  by  6  wide.  Of  the  back 
rooms,  one  is  9  by  10  and  the  other  6  by  6  feet,  while  the  apartment  with 
the  curved  wall  is  much  smaller.  The  walls  are  about  twelve  feet  high 
and  reach  within  from  2  ta  3  feet  of  the  overhanging  roof.  They  are 
built  in  the  ordinary  manner  of  stone  and  adobe  mortar,  and  what  is 
rather  remarkable  are  plastered  both  inside  and  out.  This  plaster  does 
not  differ  greatly  f^om  the  common  mortar,  is  lightly  spread  over  the 
walls,  probably  with  the  bands,  and  in  color  imitates  very  closely  the 
hues  of  the  surrounding  cliffs,  a  pleasing  variety  of  red  and  yellow  grays. 
Whether  this  was  intended  to  add  to  the  beauty  of  the  dwelling  or  to 
add  to  its  security  by  increasing  its  resemblance  to  the  surrounding 
eliffis,  I  shall  not  at^tempt  to  determine. 

Another  remarkable  feature  of  this  house  is  the  consummate  skill  with 
which  the  foundations  are  laid  upon  and  cemented  to  the  sloping  and 
overhanging  faces  of  the  ledge.  The  buttresses  by  ft,  which  have  prob- 
ably at  one  time  supported  a  superstructure  of  wood  or  stone,  now 
totally  obliterated,  are  most  striking  illustrations  of  this ;  and  Just  here 
is  a  fact  that  has  an  interesting  bearing  ui>on  the  question  of  the  an- 
tiqaity  of  this  structure.  These  wall  ^supports  or  buttresses  have 
originally  been  four  in  number,  one  evidently  having  fallen  off,  and  are 
built  in  continuation  of  the  front  wall,  on  a  smooth  sloping  surface  of 
rock.  Now,  the  sandstone  of  which  this  rounded  slope  is  composed  is 
rather  coarse  and  soft,  and  hence  easily  disintegrated.  It  is  here  also 
not  greatly  protected  from  the  weather,  since  the  cliffs  above  do  not 
overhang  to  any  extent,  and  must,  year  by  year,  yield  a  little  to  the 
elements ;  bnt  I  observe  that  since  the  construction  of  these  foundations 
no  perceptible  change  has  taken  place ;  the  thickness  of  a  sheet  of 
paper  has  hardly  been  washed  from  the  surface  of  the  rock,  and  the 
mortar,  which  is  of  almost  equal  firmness  with  the  rock,  lies  upon  it  as 
if  placed  there  within  a  dozen  years,  and  the  appearance  of  the  plaster 
on  the  outer  wall,  although  somewhat  cracked  and  broken  off,  does  not 
add  greatly  to  our  impressions  of  their  antiquity. 

There  is  also  a  taot  worthy  of  notice  in  regard  to  the  question  of  occu- 
pancy. I  have  already  stated  my  impression  that  these  houses  were  not 
Qsed  as  constant  dwelling-places,  but  rather  as  places  of  occasional 
resort  I  notice  that,  although  the  building  seems  complete  and  has 
had  its  floors  laid  and  its  door- ways  and  windows  conveniently  and  care- 
Ailly  arranged,  the  plastering  of  the  interior  is  idmost  nntouobed,  that 
with  tlie  exception  <Kf  three  names  scratched  in  the  soft,  thick  coat  of 
adobe  by  Mr.  Jackson's  party,  there  is  almost  no  trace  of  the  presence 
of  man ;  yet  this  plaster  may  have  been  applied  only  shortly  before  the 
flnal  desertion,  and  hence  no  definite  conolnsion  can  be  drawn. 

*  Bolletin  No.  1,  second  series,  p.  20. 
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A  sketch  of  one  of  the  door- ways  is  given  in  Figure  2.  The  oattine  is 
a-ccorately  drawD,  bat  there  is  a  little  too  mach  regularity  in  the  stone- 
work. It  will  be  seen  that  the  aperture  is  of  very  nearly  the  same 
width  above  and  below,  which  is  rather  unusual,  since,  in  these  ruins, 
as  well  as  in  those  farther  south,  the  door- ways  i(nd  windows  are,  as  a 
rule,  narrower  at  the  top.  This  drawing  also  shows  the  manner  of  em- 
ploying a  number  of  small  straight  beams^  of  wood  as  lintels,  for  the 
purpose,  evidently,  of  strengthening  the  masonry  above. 

There  are  two  of  these  exterior  door- ways  only,  one  opening  into  each 
story  of  the  front  room  from  the  unoccupied  part  of  the  niche;  these 
are  shown  in  Figure  3,  a  sketch  of  the  interior  of  the  front  room 
taken  from  the  side  /.  There  is  only  a  low  wall  between  this  room  and 
the  room  o,  while  small  door-ways  communicate  with  the  other  apart- 
ments. There  is  a  small  rectangular  window,  22  inches  high  by  30  wide, 
in  the  front  wall,  from  which  a  fine  view  can  be  had  of  the  deep  narrow 
valley  below.  , 

Figure  4  is  designed  to  show  the  extraordinary  situation  of  these 
houses.  Whether  viewed  from  below  or  from  the  heights  above,  tiie 
effect  is  almost  startling,  and  one  cannot  but  feel  that  no  ordinary  cir- 
cumstances could  have  ariven  a  people  to  such  places  of  resort. 

There  are  no  ruins  of  importance  in  the  canon  of  the  Mancos  above 
the  two-story  house.  Indistinct  remains  occur  on  the  bottoms  in  a 
number  of  places,  and  a  few  small  houses  were  observed  in  the  cdifGs. 
The  most  interesting  of  these  is  built  upon  a  ledge  about  40  feet  above 
the  trail,  and  is  nearly  midway  between  the  two-story  house  and  the 
head  of  the  cafion.  It  does  not  differ  in  any  essential  point  from  the 
ruins  already  described.  I  shall  therefore  pass  it  by,  in  order  to  take 
up  two  very  interesting  groups  of  ruins  that  occur  about  20  miles  to 
the  northwest. 

Between  the  Mesa  Verde  and  the  Late  Mountains,  of  which  Ute  Peak 
is  the  culminating  summit,  there  is  a  long,  deep  valley  or  strip  of  low- 
land that  connects  the  great  lowland  of  the  Lower  Mancos  with  the 
caiion-cnt  plain  that  rises  toward  the  Dolores.  The  southern  end  of  this 
depressed  strip  drains  into  the  Mancos,  the  northern  into  the  McBlmo. 
The  latter  stream  heads  along  the  north  base  of  the  Mesa  Verde  within 
five  miles  of  the  Mancos  at  the  point  were  it  enters  the  oanoii|  and 
flows  westward,  passing  along  the  north  base  of  Ute  Mountain,  curv- 
ing around  to  the  southwest  and  reaching  the  San  Juan  nearly  10  miles 
beyond  the  Utah  line.  The  large  depressed  area  drained  by  this  stream 
contains  a  great  number  of  ruins,  many  of  which  have  not  yet  been 
examined. 

PLATE  XXXIX.— THE  TBIPLE-WALLED  TOWBB. 

The  group  partially  illustrated  in  this  plate  is  situated  on  a  low  bench 
within  a  mile  of  the  main  McElmo,  and  near  a  dry.  wash  that  enters 
that  stream  from  the  south.  It  seems  to  have  been  a  compact  village 
or  community-dwelling,  consisting  of  two  circular  buildings  and  a  great 
number  of  rectangular  apartments.  The  circular  structures  or  towers 
have  been  built,  in  the  usual  manner,  of  roughly-hewn  stone,  and  rank 
among  the  very  best  specimens  of  this  ancient  architecture.  The  great 
tower  is  especially  noticeable  on  account  of  the  occurrence  of  a  third 
wall,  as  seen  in  the  drawing  and  in  the  plan  at  a.  In  dimensions  it  is 
almost  identical  with  the  great  tower  of  the  Bio  Mancos.  The  walls 
are  traceable  nearly  all  the  way  round,  and  the  space  between  the  two 
outer  ones,  which  is  about  5  feet  in  width,  contains  fourteen  apart- 
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ments  or  ceHs.  The  walls  about  one  of  these  cells  are  still  standing  to 
the  height  of  12  feet;  but  the  interior  cannot  be  examined  on  account 
of  the  rubbish  which  fills  it  to  the  top.  No  openings  are  noticeable  in 
the  circular  walls,  but  door-ways  seem  to  have  been  made  to  communi- 
cate between  the  apartments ;  one  is  preserved  at  d. 

The  inner  wall  has  not  been  as  high  or  strong  as  the  others,  and  has 
served  simply  to  enclose  the  estufa.  This  tower  stands  back  about  one 
hundred  feet  from  the  edge  of  the  mesa  and  near  the  border  of  the 
village.  The  smaller  tower,  ft,  stands  fbrward  on  a  point  that  overlooks 
the  shallow  gulch ;  it  is  15  feet  in  diameter ;  the  walls  are  3^  feet  thick 
and  5  feet  high  on  the  outside.  Beneath  this  ruin,  in  a  little  side  gulch, 
are  the  remains  of  a  wall  12  feet  high  and  20  inches  thick.  The  re- 
mainder of  the  village  is  in  such  a  state  of  decay  as  to  be  hardly 
traceable  among  the  artemisia  and  rubbish.  The  apartments  number 
nearly  a  bundr^,  and  seem,  generally,  to  have  been  rectangular.  They 
are  not,  however,  of  uniform  size,  and  certainly  not  arranged  in  regular 
order.  The  walls  are  marked  by  low  lines  of  loose  rubble  which  show 
no  stone  in  place,  and  I  am  inclined  to  believe  that  they  have  never 
been  raised  to  any  great  height.  It  is  not.  impossible  that  they  have 
been,  originally,  of  a  species  of  rubble- masonry  such  as  is  seen  in  some 
of  the  great  cosm  farther  south,  and  that  these  meagre  remains  are  all 
that  is  left  of  an  imposing  structure,  but  the  total  want  of  regularity 
both  in  the  form  and  size  of  the  apartments  seems  inconsistent  with 
such  a  conclusion.  In  reality  they  are  more  like  a  cluster  of  pens  such 
as  are  used  by  the  Moqui  tribes  for  the  keeping  of  sheep  and  goats. 
The  site  of  this  village  can  hardly  have  been  chosen  on  account  of  its 
defensive  advantages,  nor  on  account  of  the  fertility  of  the  surrounding 
country.  The  neighboring  plains  and  mesas  are  as  naked  and  barren 
as  possible.  The  nearest  water  is  a  mile  away,  and  during  the  drier 
part  of  the  season  the  nearest  running  water  is  in  the  Bio  Dolores, 
nearly  fifteen  miles  away.  To  suppose  an  agricultural  people  existing 
in  such  a  locality,  with  the  present  climate,  is  manifestly  absurd.  Yet 
€very  isolated  rook  and  bit  of  mesa  within  a  circle  of  miles  is  strewn 
with  remnants  of  human  dwellings. 

PLATE  XL.— BUIN8  AT  "AZTEO  SPRINGS." 

Another  very  important  group  of  ruins  is  located  in  the  depression 
between  the  Mesa  Verde  and  the  Late  Mountains,  and  near  the  divide 
between  the  McElmo  and  Lower  Mancos  drainage.  It  is  stated  by 
€aptain  Moss  and  others  who  have  been  in  this  locality  that  up  to 
within  two  or  three  years  there  has  been  a  living-spring  at  this  place, 
and  the  spot  has  been  christened  by  them  Aztec  {Springs. 

The  site  of  the  spring  I  found,  but  without  the  least  appearance  of 
water.  The  depression  formerly  occupied  by  it  is  near  the  centre  of  a 
large  mass  of  ruins,  similar  to  the  group  last  described,  but  having  a 
rectangular  instead  of  a  circular  building  as  the  chief  and  central  struct- 
ure. This  I  have  called  the  upper  house  in  the  plate,  and  a  large  walled 
enclosure  a  little  lower  on  the  slope  I  have,  for  the  sake  of  distinction, 
called  the  lower  house. 

These  ruins  form  the  most  imposing  pile  of  masonry  yet  found  in  Ool« 
orado.  The  whole  group  covers  an  area  of  about  480,000  square  feet, 
and  has  an  average  depth  of  from  3  to  4  feet.  This  would  give  in  the 
vicinity  of  1,500,000  solid  feet  of  stone-work.  The  stone  used  is  chiefly 
4>f  the  fossiliferous  limestone  that  outcrops  along  the  base  of  the  Mesa 
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Yerde  a  mile  or  more  away,  and  its  transportation  to  this  place  has 
donbtless  been  a  great  work  for  a  people  so  totally  withoat  fiEUsilities. 

The  upper  hooae  is  rectangalar,  measores  80  by  100  feet,  and  is  bailt 
with  the  cardinal  points  to  within  five  degrees.  The  pile  is  from  12  to 
15  feet  in  height,  and  its  massiveness  saggests  an  original  height  at 
least  twice  as  great.  The  plan  is  somewhat  difficalt  to  make  oat  on  ac- 
count of  the  Tery  great  quantity  of  dSbris. 

The  walls  seem  to  have  been' double,  with  a  apace  of  7  feet  between; 
a  number  of  cross- walls  at  regular  intervals  indicate  that  this  space  has 
been  divided  into  apartments,  as  seen  in  the  plan. 

The  walls  are  26  inches  thick,  and  are  built  of  roughly-dressed  stones, 
which  were  probably  laid  In  mortar,  as  in  other  cases. 

The  enclosed  space,  which  is  somewhat  depressed,  has  two  lines  of 
dSbriSj  probably  the  remains  of  partition-walls,  separating  it  into  the 
three  apartments,  a,  ft,  o.  Enclosing  this  great  house  is  a  net-work  of 
fallen  walls,  so  completely  reduced  that  none  of  the  stones  seem  to 
remain  in  place ;  and  I  am  at  a  loss  to  determine  whether  they  mark 
the  site  of  a  cluster  of  irregular  apartments,  having  low,  loosely-bailt 
walls,  or  whether  they  are  the  remains  of  some  Imposing  adobe  strnct- 
ure  built  after  the  manner  of  the  ruined  pueblos  of  the  Bio  Ohaoo. 

Two  well-defined  circular  enclosures  or  estufas  are  situated  in  the 
midst  of  the  southern  wing  of  the  ruin.  The  upper  one,  A,  is  on  the 
opposite  side  of  the  spring  from  the  great  house,  is  60  feet  in  diameter, 
and  is  surrounded  by  a  low  stone  wall.  West  of  the  house  is  a  small 
open  court,  which  seems  to  have  had  a  gate-way  opening  out  to  the 
west,  through  the  surrounding  walls. 

The  lower  house  is  200  feet  in  length  by  180  in  width,  and  its  walls 
vary  fifteen  degrees  from  the  cardinal  points.  The  northern  wall,  a,  is 
double,  and  contains  a  row  of  eight  apartments  about  7  feet  in  width 
by  24  in  length.  The  walls  of  the  other  sides  are  low,  and  seem  to  hare 
served  simply  to  enclose  the  great  court,  near  the  centre  of  which  is  a 
large  walled  depression  {eatufa  B).  No  other  ruins  were  observed  in 
the  neighborhood  of  these,  although  small  groups  are  said  to  exist 
along  the  base  of  the  Late  Mountains,  a  few  miles  to  the  southwest 

The  dry,  sloping  plain  between  the  Mesa  Verde  and  the  Bio  Dolores 
seems  also  to  have  been  a  favorite  resort  of  the  town-building  tribes. 
Numerous  ruins  occur  along  the  borders  of  the  canons  that  drain  into 
the  McElmo,  and  especially  near  the  heads  of  these  cafions  where 
springs  usually  occur. 

At  the  south  bend  of  the  Dolores  there  are  a  great  number  of  rains, 
many  of  which  compare  favorably  with  the  lowland  ruins  farther  soath. 
Dr.  Newberry  passed  through  this  region  in  1859,  and  his  report*  gives 
a  brief  description  of  a  few  of  these  remains. 

I  made  a  hasty  examination  of  such  of  the  groups  as  I  had  an  oppo^ 
tunity  to  visit,  but  had  no  time  to  make  plans.  Other  ruins,  including 
the  remains  of  a  large  circular  enclosure,  occur  on  the  river-bot4;om 
about  two  miles  below  the  bend.  I  also  noticed  the  small  elifFhooM 
mentioned  by  Dr.  Newberry,  but  did  not  visit  them.    West  of  the  Do- 

*  Maoomb's  expedition  to  the  Jnnoiion  of  the  Grand  and  Green  riven,  Waflhingtoor 
1876.  Dr.  Newberry  saye :  "  The  hill  from  whioh  I  obtained  this  view  is  crowned  vitli 
an  extensive  series  of  very  ancient  jnins.  The  principal  one  is  a  pneblo,  nearly  100 
feet  sqnare^  once  snbetantiaUy  bnilt  of  dressed  stone,  now  a  shapeless  heap,  in  whin 
the  plan  of  the  oriffinid  structure  can,  however,  be  traced.  Like  most  of  the  rvw 
pneblos  of  New  Mexico,  it  consisted  of  a  series  of  small  rooms  olnstered  togcibi' 
like  cells  in  a  bee-hive.  Near  the  principal  edifice  are  mounds  of  stone,  representiog 
sabordinate  bnildings.  Among  these  are  nnmeroas  large  depressions  marlmig  i^ 
places  of  cisterns  or  e$H^a9," 
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lores  our  party  was  compelled  to  make  very  rapid  marches,  and  I  foond 
it  impossible  to  turn  out  of  the  trail  long  enough  to  make  a  satisfactory 
study  of  the  ruins  that  occur  by  the  way. 

At  one  locality  which  I  took  to  be  Surouara*  there  appeared  on  our 
left  a  very  extensive  series  of  ruins,  and  it  was  a  sore  disappointment 
to  be  compelled  to  pass  by  without  even  a  halt. 

About  the  sources  of  the  Hovenweep  and  Montezuma  creeks  there 
are  occasional  ruins  of  no  great  importance.  In  the  vicinity  of  the  Sierra 
Abajo  I  found  no  traces  of  ancient  occupation  further  than  a  few  arrow- 
points  and  fragments  of  chipped  quartzite.  Little  or  no  trace  of  ancient 
occupation  was  observed  north  of  a  line  between  the  Sierra  Abajo  and 
main  peaks  of  the  La  Plata  Mountains. 

A  very  large  and  interesting  ruinf  occurs  on  the  Animas  River,  near 
the  southeast  corner  of  our  district  for  1876,  which  seems  to  bear  a  very 
close  relationship  in  its  architecture  to  the  ruins  of  the  Eio  Ghaco. 
Unfortunately,  no  plans  of  this  ruin  have  been  made. 

PLATE  XLI. — ^RUIN  AT  OJO  CALIENTE,  NEVT  MEXICO. 

For  the  sake  of  comparison,  I  present  in  Plate  XLI  the  ground-plan  of 
a  mined  pueblo  found  at  Ojo  Gaiiente,  New  Mexico.  It  occurs  on  a  high, 
almost  isolated  fragment  of  terrace  near  Gaiiente  Greek.  It  has  been 
constructed  chiefly  of  adobe,  and  has  consisted  of  rows  of  apartments 
surrounding  a  number  of  large  open  courts.  Individual  walls  cannot 
be  traced,  and  the  rows  of  houses  are  reduced  to  smooth  rounded  ridges 
of  earth.  These  are  indicated  on  the  plan,  and  are  often  as  much  as 
8  feet  high,  and  30  feet  wide  at  the  base.  The  courts  contain  a  num- 
ber of  small  circles  or  mounds,  a,  a,  and  the  single  estufa  is  identical  in 
appearance  with  those  among  the  ruins  of  Golorado.  A  number  of 
openings, 6,  &,  through  the  walls  indicate  the  location  of  gate-ways.  Me- 
tales,  arrow-heads,  and  many  fragments  of  pottery  were  found.  Many 
other  groups  of  ruins  similar  to  this  occur  in  this  as  well  as  in  the  neigh- 
boring valleys.  Near  Abiquiu  a  large  pueblo  occurs,  at  which  I  found 
a  stone  axe  and  a  number  of  arrow-heads  and  metates,  A  couple  of 
skeletons  were  also  obtained  here.  This  ruin  is  described  at  length  by 
Dr.  Yarrow  in  his  report  for  1874.$ 

PLATES  XLII  AND  XLIII. 

Although  it  is  quite  impossible  to  read  the  curious  rock-inscriptions  of 
unknown  tribes,  it  is  conceded  that  in  most  cases  they  have  a  meaning 
and  represent  an  idea  or  record  an  event.  Aside  from  this,  however, 
they  are  valuable  to  the  historian  as  records  of  the  grade  of  civilization 
reached  by  the  tribes  who  executed  them. 

That  the  examples  given  in  the  two  following  plates  belong  to  the 

age  of  the  cliff-builders  cannot  be  satisfactorily  proved,  but,  at  the  same 

-  ■  ■ 

*  Of  thefle  inins  Dr.  Newberry  eays :  *'  The  hoases  are,  many  of  them,  large,  and  oil 
of  them  built  of  stooe,  hammor-dressed  on  the  ez|>08ed  faces.  Fragments  of  jpotltory 
are  exceedingly  common,  though  Jike  the  buildings,  showing  great  age.  There  is  every 
evidence  that  a  lar^  population  resided  here  for  many  years,  perhaps  centaries,  and 
that  they  deserted  it  several  hundred  years  aeo ;  that  they  were  Pueblo  Indians,  and 
hence  peaceful,  indnstrious,  and  agrioultural.  •  •  •  The  ruins  of  several  large 
riservoirs,  built  of  ma»onry,  may  be  seen  at  Surouara,  and  there  are  traces  of  aciquiM. 
which  left  to  these,  through  which  wat-erwas  brought,  perhaps, from  a  ^reat  distance.'' 

tSee  Dr.  Endliob's  report.  Annual  Report  of  United  States  Qeologioal  Survey,  for 
1875,  p.  177 ;  also,  Mr.  Rhoda's  report,  p.  ^40.    See  also  Dr.  Newberry's  Report,  £xpe 
dition  to  the  Junction  of  Grand  and  G<een  Rivers,  p.  80. 

I  Report  of  the  Chief  of  Engineers  for  1875,  p.  10(i4. 
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time,  evidence  that  they  do  is  not  wanting.  Some  are  found  on  the 
cliffs  and  in  the  niches  with  the  cliff-dwellings,  while  all  are  in  localities 
that  must  have  been  frequently  visited  by  these  people.  8ome  are 
found  in  the  canon  of  the  Mancos,  others  on  the  blaffs  of  the  San  Joaa. 
and  many  in  the  canons  farther  west 

Figures  1,  2,  and  3,  Plate  XLII,  occur  on  the  Mancos  near  tlie  groap 
of  cliff-houses  figured  in  Plate  XXXVI.  They  are  chipped  into  the  rock, 
evidently  by  some  very  hard  implement,  and  rudely  represent  the 
human  figure.  Tbcy  are  certainly  not  attempts  to  represent  nature, 
but  have  the  appearance  rather  of  arbitrary  forms  designed  to  symbolize 
some  imaginary  being. 

Figures  4,  5,  and  6  were  found  in  the  same  locality,  not  engraved,  bat 
painted  in  red  and  white  clay  upon  the  smooth  rocks.  These  were  cer- 
tainly done  by  the  cliff-builders,  and  probably  while  the  houses  were  in 
process  of  construction,  since  the  material  used  is  identical  with  the 
plaster  of  the  houses.  The  sketches  and  notes  were  made  by  Mr.  Bran- 
degee.  The  reproduction  is  approximately  one-twelfth  the  size  of  the 
original. 

The  examples  given  in  Figures  7,  8,  9,  10,  and  11,  as  well  as  those  in 
Plate  XLIII,  oa'.ur  on  the  KioSan  Juan  about  10  miles  below  the  mouth 
of  the  lUo  La  Plata.  A  low  line  of  bluff;*,  composed  of  light-colored 
massive  sandstones, that  breakdown  in  great  smooth-faced  blocks, rises 
from  the  river- level  and  sweeps  around  toward  the  north.  Each  of  these 
great  blocks  has  offered  a  very  tempting  tablet  to  the  graver  of  the 
piimitive  artist,  and  many  of  them  contain  curious  and  interesting  in- 
sciiptious.  Drawings  were  made  of  such  of  these  as  the  limited  time  at 
my  disposal  would  permit.  They  are  all  engraved  or  cut  into  the  face 
of  the  rock,  and  the  whole  body  of  each  figure  has  generally  been  chipped 
out,  frequently  to  the  depth  of  one-fourth  or  one-half  an  inch. 

The  work  on  some  of  the  larger  groups  has  been  one  of  immense 
labor,  and  must  owe  its  completion  to  strong  and  enduring  motives. 
With  a  very  few  exceptions  the  engraving  bears  undoubted  evidence  of 
age.  Such  new  figures  as  occur  are  quite  easily  distinguished,  both  by 
the  freshness  of  the  chipped  surfaces  and  by  the  designs  themselves. 
Figure  11  gives  a  specimen  of  the  modern  work ;  it  is  evidently  intended 
to  represent  a  horse,  and  is  done  in  the  manner  of  the  ^avajoes.  It 
will  readily  be  seen  that  among  all  the  figures  given  of  the  ancient 
work  there  is  no  animal  that  resembles  a  horse,  and  we  can  hardly  sap- 
pose  that  artists  who  could  so  cleverly  delineate  birds  and  deer  and  men, 
would  fail  in  an  attempt  to  represent  an  animal  of  so  marked  a  charac- 
ter. The  curious  designs  given  in  Figure  10  have  a  very  perceptible 
resemblance  to  many  of  the  figures  used  in  the  embellishment  of  lot- 
tery. 

The  most  striking  group  observed  is  given  in  Figure  1,  Plate  XLIII.  It 
consists  of  a  great  procession  of  men,  birds,  beasts*  and  fanciful  figures. 
The  whole  picture  as  placed  upon  the  rock  is  highly  spirited,  and  the 
id^  of  a  general  movement  toward  the  right,  skilfully  portrayed.  A 
pair  of  winged  figures  hover  above  the  train  as  if  to  watch  or  direct  its 
movements ;  behind  these  are  a  number  of  odd  figures,  followed  by  an 
antlered  animal  resembling  a  deer,  which  seems  to  be  drawing  a  notched 
sledge  containing  two  figures  of  men.  The  figures  forming  the  main 
body  of  the  processiou  appear  to  be  tied  together  in  a  con<:inuous  line, 
and  in  form  resemble  one  living  creature  about  as  little  as  another. 
Many  of  the  smaller  figures  above  and  below  are  certainly  intended  to 
represent  dogs,  while  a  number  of  men  are  stationed  about,  here  and 
there,  as  if  to  keep  the  procession  in  order. 
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As  to  the  importUDco  of  tbe  event  recorded  in  this  picture  no  concla- 
sions  can  be  drawn ;  it  may  represent  the  migration  of  a  tribe  or  family 
or  the  trophies  of  a  victory.  A  number  of  figures  are  wanting  in  the 
drawing  at  the  left,  while  some  of  those  at  the  right  may  not  belong 
properly  to  the  main  group.  The  reduction  is^  approximately,  to  one- 
twelfth. 

Figures  2  and  3  of  the  same  plate  represent  only  the  more  distinct 
portions  of  two  other  groups.  The  complication  of  figures  is  so  great 
that  a  number  of  hours  would  have  been  necessary  for  their  delineation, 
and  an  attempt  to  analyze  them  here  would  bo  fruitless. 

POTTERY. 

The  i>ottery  of  the  ancient  tribes  of  the  San  Juan  Valley  is  undoubt- 
edly superior  in  many  respects  to  that  of  the  town-building  tribes  of 
to-day.  It  is  especially  superior  in  composition  and  surface-finish.  In 
form  and  ornamentation  it  does  not  compare  well  with  the  highly 
artistic  wares  of  the  Moquois  and  Zunis.  There  is  great  similarity, 
however,  in  every  respect,  and  the  difi'erences  do  not  seem  greater  than 
could  be  expected  in  the  manufactures  of  the  same  people  at  periods 
separated  by  a  few  generations,  or  even  of  related  tribes  of  the  same 
time  surrounded  by  dilSerent  physical  features  or  by  different  neighbors. 

The  study  of  the  fragmentary  ware  found  about  the  ruins  is  very 
interesting,  and  its  immense  quantity  is  a  constant  matter  of  wonder. 
On  one  occasion,  while  encamped  near  the  foot  of  the  Mancos  Cailon, 
I  undertook  to  collect  all  fragments  of  vessels  of  manifestly  different 
designs  within  a  certain  space,  and  by  selecting  pieces  having  pecul- 
iarly marked  rims  I  was  able  to  say  with  certainty  that  within  10  feet 
square  there  were  fragments  of  fifty-five  different  vessels.  In  shape 
these  vessels  have  been  quite  varied,  but  by  far  the  greater  portion  have 
been  of  the  form  of  bowls  and  handled  cups  or  ladles.  Jugs  and  vases 
also  occur.  In  general  the  forms  have  been  so  simple  that  with  the  aid 
of  the  great  quantities  of  fragments  it  is  not  difficult,  providing  the  rim 
is  preserved,  to  say  with  accuracy  to  what  form  of  vessel  a  given  speci- 
men belongs.  Tbe  bottoms  of  the  various  vessels,  excepting  a  kind  of 
handled  mug,  are  rounded  or  very  slightly  flattened.*  The  art  of  orna- 
mentation seems  to  have  been  especially  cultivated,  as  very  few  speci- 
mens are  found  that  are  not  painted,  indented,  or  covered  with  raised 
figures.  Indeed,  these  ornamental  designs  are  often  so  admirable,  and 
apparently  so  far  in  advance  of  the  art-ideas  of  these  people  in  other 
respects,  that  one  is  led  to  suspect  that  they  may  be  of  foreign  origin. 
But  there  is  certainly  no  conclusive  evidence  that  these  people  ever  came 
in  contact  with  Europeans  or  were  even  influenced  by  European  art. 

The  material  used  in  the  manufacture  of  pottery  was  generally  a  fine 
clay  (in  which  the  country  abounds),  tempered  with  sand  or  pulverized 
shells.  The  modelling  was  done  almost  exclusively  with  the  hand;  no 
wheel  has  been  used,  and  no  implement  whatever,  except  for  surface 
creasings  or  indentings. 

Tbe  thickness  of  the  ware  varies  from  J  to  ^  an  inch.  Lightness  has 
evidently  been  greatly  desired,  and  vessels  having  a  capacity. of  many 
gallons  are  not  more  than  ^  of  an  inch  thick  in  any  part. 

*  Dr.  Charles  Raa  says,  in  an  article  on  Indian  pottery,  in  the  Smithsonian  Report 
for  1866,  p.  346,  that  *'the  oldest  vessels  of  all  nations  who  practised  the  potter^s  art 
prohably  exhibited  that  shape  (the  rounded  bottom),  the  model  of  which  was  fur- 
nished by  nature  in  the  gourd  and  other  fruits  presenting  rounded  outlines.  A  flat  bot- 
tom, therefore,  would  denote  a  progress  iu  the  ceramic  art.'^ 
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Nearly  all  of  the  vessels  and  fragments  collected  have  been  baked  or 
bumedi  but  not  to  such  a  degree  as  to  greatly  change  the  color  of  the 
day. 

Most,  if  not  all,  of  the  painted  pottery  has  received  a  thin  coatlD'* 
some  mineral  solution  that  gives  a  beautiful  enamel-like  snrfR' 
greatly  inferior  in  hardness  to  the  vitreous  glazing  of  our  potter 
this  surface,  before  burning,  the  color  is  laid,  apparently  v-' 
In  one  or  two  cases  the  indented  ware  has  a  light  gray  ^ 
that  on  the  broken  edges  has  quite  a  perceptible  thick 

A  specimen  collected  at  Ojo  Caliente,  New  Mexico,  hu 
with  a  thin  film  of  finely-powdered  mica.    This  specimen  ba^ 
mented  by  a  series  of  slight  grooves  in  a  manner  similar  to 
the  pottery  found  in  the  Mississippi  xValley.    In  the  entire  coliv 
there  is  but  one  specimen  that  shows  evidence  of  having  been  foriii^ 
in  a  basket.    It  was  found  in  the  lower  part  of  the  San  Juan  Basin. 

A  few  specimens  are  covered  with  painted  figures  on  the  inside,  and 
have  also  thumb  indentations  on  the  outside. 

Fragmentary  pottery,  of  the  same  charact.er  as  that  collected  in  the 
San  Juan  Valley,  has  been  collected  by  government  expeditions  over  an 
immense  area  to  the  south  and  west.  By  far  the  richest  find  was  that 
made  by  Dr.  E.  Palmer  at  Saint  George,  Utah.  The  greater  part  of  the 
collection  made  is  now  in  the  Government  Museum.  I  have  therefore 
been  able  to  compare  them  with  our  own  specimens,  and  find  them  al- 
most identical  in  every  respect. 

Cuts  of  a  large  number  of  specimens  are  given  by  Mr.  Ewbank  in  Yol. 
Ill,  Pacific  llailroad  Rei)ort.  They  are  chiefly  from  Zuni  and  the  Colo- 
rado Chiquito,  and  seem  to  present  no  features  differing  from  the  more 
northern  examples.  Lieutenant  Simpson  also  gives  a  number  of  speci- 
mens in  color  in  his  report  on  "An  Expedition  to  the  Navajo  Country." 

In  order  to  give  to  those  who  have  no  opportunity  to  examine  and 
compare  for  themselves  the  various  8i>ecimens  of  the  ancient  ware  as 
complete  an  idea  of  its  appearance  as  possible,  I  have  made  a  namber 
of  restorations.  The  forms  given  are  not  in  any  sense  imaginary,  as 
there  are  fragments  in  great  numt>ers  that  illustrate  every  part  of  the 
different  vessels  presented ;  besides,  there  are  entire  specimens  at  hand 
of  every  form  given.  I  have  restored  from  such  small  fragments  sim- 
ply because  they  happen  to  contain  more  elaborately-painted  designs 
than  any  of  the  entire  vessels.  The  peculiarities  of  the  various  varie- 
ties in  form  and  color  can  be  described  more  readily  in  connection  with 
the  examples  given  in  the  plates. 

PLATE  XLIV. 

This  plate  is  intended  to  illustrate  the  corrugated  and  indented  ware. 
Heretofore  specimens  of  this  class  have  been  quite  rare,  as  it  is  not  made 
by  any  of  the  modern  tribes. 

Figure  1  represents  one  of  a  pair  of  large  vessels  exhumed  from  the 
ruins  of  the  "  sixteen- windowed  ^  cliff-house  of  the  Rio  Mancos.  It  has  a 
capacity  of  about  three  gallons,  and  was  probably  used  for  carrying  or 
keeping  on  hand  a  supply  of  water.  It  is  quite  light,  not  weighing 
more  than  a  common  wooden  pail,  and  is  made  of  a  light-gray  clay  tem- 
pered with  coarse  sand,  and  but  slightly  burned.  The  corrngated  ap- 
pearance is  given  by  laying  on  strips  of  clay,  in  somewhat  regular  soc- 
cession,  and  pressing  them  into  place  and  indenting  them  with  the 
thumb  or  a  stick.  Whether  a  thin  shell  of  clay  is  first  construct^  and 
the  strips  laid  on  and  pressed  down  so  as  to  unite  with  it,  or  whether 
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tbe  vessel  is  built  up  by  the  strips  alone,  cannot  be  determined,  since 
tbe  inside  is  perfectly  smooth,  excepting  finger-marks,  and  the  strips 
are  so  welded  into  the  general  texture  of  the  vessel  that  individual 
strips  cannot  be  detected  beneath  the  surface  when  examined  on  broken 
e('  es. 

xn  the  specimen  figured  the  workman  has  begun  near  the  centre  of 
the  rounded  bottom  and  laid  a  strip  in  a  continuous  but  irregular  spiral 
(see  Fig.  3)  until  the  rim  was  reached,  indenting  the  whole  surface  ir- 
regularly with  the  finger.  A  smooth  recurved  rim  has  then  been  added 
in  a  very  skilful  manner.  Two  small  conical  bits  of  clay  have  been  set 
in  near  the  rim,  as  if  for  ornament.  The  companion  piece  has  a  small 
scroll-shaped  ornament  similarly  placed. 

Figure  2  shows  the  manner  in  which  the  spiral  is^ started  on  the  bot- 
tom of  tbe  vessel.  In  some  coses  the  crimping  or  indenting  begins 
with  the  spiral,  but  in  others  the  strip  of  clay  is  left  quite  smooth  tor  a 
considerable  space,  as  in  the  example. 

Figure  3  represents  a  fragment  of  a  large  vase  or  jar  obtained  by  Mr. 
Jackson  in  the  valley  of  Epsom  Greek,  Southeast  Utah.  The  original 
vessel  has  had  a  capacity  of  at  least  ten  gallons,  and  has  certainly  pre- 
sented a  very  attractive  appearance,  as  tbe  outline  has  beea  quite 
elegant  and  the  surface-modelling  symmetrical  and  highly  artistic.  It 
has  been  bnilt  up  in  the  usual  manner  of  a  continuous  band  or  strip  of 
clay,  the  ornamentation  has  been  varied  by  leaving  occasional  belts  of 
tbe  overlapping  strips  quite  plain,  while  the  indentations  in  the  alternat- 
ing belts  have  been  made  with  great  care,  probably  with  the  thumb. 
Tbe  rim  is  smooth  and  upright  and  has  a  diameter  of  9  inches.  The 
neck  is  narrow  and  straight,  and  the  body  swells  to  18  inches  at  the 
greatest  circumference.  The  specimen  as  given  does  not  show  this,  how- 
ever, as  the  lower  part  has  been  lost.  Tbe  inside  is  smooth ;  the  mate- 
rial is  coarse  clay,  in  which  can  be  seen  much  coarse  sand,  apparently 
ground  granite,  as  fragments  of  both  quartz  and  hornblende  appear. 
For  so  large  a  vessel  the  walls  are  remarkably  thin,  not  being  more  thau 
one-fourth  of  an  inch  thick  in  any  part. 

Figure  4.  The  vase  of  which  this  is  a  large  fragment  has  been  much 
smaller  than  the  preceding,  and  of  greatly  inferior  workmanship.  It 
has  resembled  more  closely  the  specimen  given  in  Figure  1,  but  is  es- 
pecially noticeable  from  the  attempt  at  ornament.  A  festoon-like  strip 
of  clay  has  been  laid  on  beneath  the  rim. 

Figure  5.  This  is  one  of  the  best  specimens  of  raised  ornamentation 
in  the  collection.  It  has  been  modelled  entirely  with  the  fingers,  and 
retains  perfectly  the  most  delicate  markings  of  the  skin.  The  strips  of 
clay,  which  run  obliquely  across  the  specimen,  have  been  indented,  as 
usual,  with  the  thumb,  and  the  projecting  ^^  beads''  have  been  slightly 
drawn  down  and  pointed  by  pressure  between  the  fingers.  The  draw- 
ing is  nearly  natural  size. 

Figure  6.  The  modelling  of  this  specimen  is  hardly  inferior  to  that  of 
the  preceding.  The  strips  of  clay  have  been  laid  on  with  great  care, 
every  other  layer,  only,  being  pressed  down  and  indented.  It  can  be 
seen  that  each  impression  of  the  thumb  is  clearly  defined,  and  the  nail- 
marks  are  as  distinct  as  if  made  yesterday. 

Figure  7.  This  specimen  dlfters  from  tbe  others  given  in  having  been 
indented  with  some  sharp  implement.  The  clay  spiral  has  been  laid  on 
and  gently  pressed  down  by  the  fingers.  Afterward  an  ornamental 
design  has  been  produced  by  a  series  of  shari)  indentations. 

If  we  should  judge  by  the  curvature  of  these  fragments,  the  complete 
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vessels  have  exceeded  in  size  tbe  one  given  in  Figure  1,  and  mast  have 
been  for  those  primitive  days  master-pieces  of  the  potter's  art. 

lu  form,  vessels  of  this  class  have  not  been  so  varied  as  the  painted 
ware;  bowls,  cups,  and  spoons  or  ladles  are  not  known,  but  nearly 
every  variety  of  narrow-necked  vessels  may  be  found  iu  collections. 

plate  XL  v. 

Ah  previously  mentioned  it  is  not  difficult,  when  we  have  such  a  great 
number  of  specimens  at  hand,  to  arrive  at  an  accurate  idea  of  the  shaiie 
of  any  vessel  of  which  we  have  ordinarily  large  fragments.  None  of  tbe 
more  elaborately  ornamented  vessels  have  been  preserved  entire,  and  in 
order  to  do  justice  to  the  artistic  abilities  of  the  ancient  potters,  I  |^ve 
in  this  plate  a  few  lestorations.  In  preparing  the  lithograph  the  ten- 
dency is  to  make  the  surfaces  too  smooth  and  the  forms  too  symmetri- 
cal, but  we  may  make  allowance  for  this  and  still  have  specimens  very 
little  inferior  to  those  figured.  As  the  fragments  used  are  plainly  indi- 
cated in  the  drawing,  there  need  be  no  misunderstanding  as  to  tbe 
method  employed  iu  making  the  restorations. 

Figure  1  represents  a  bowl  which,  as  the  fragments  indicate,  has  been 
decorated  with  beautiful  designs  in  black  both  inside  and  out.  Tbe 
original  has  been  about  6  inches  in  diamet^er  and  4  inches  deep. 

Figure  2.  This  bowl  has  been  about  twice  the  size  of  the  above,  and 
has  contained  ornamental  designs  of  a  somewhat  more  intricate  pattern. 

Figure  3.  Is  restored  from  a  large  fragment  which  has  on  the  inside 
a  design  in  which  the  scroll  is  used.  This  scroll  has  been  produced  by 
filling  in  the  spaces  about  it  with  dark  color. 

Figure  4.  This  bowl  is  entire,  and  was  collected  by  Mr.  Jackson,  on 
the  San  Juan  liiver,  in  Utah.  It  has  a  capacity  of  about  three  pints. 
The  ornamental  design  is  applied  to  the  inside  and  is  quite  simple. 

Figure  5.  Fragments  of  vessels  of  this  shape  were  found  in  maoy 
localities.  All  are  covered  with  ornamental  designs  similar  to  those  on 
other  vessels.  Two  entire  specimens  were  obtained  by  Captain  Moss, 
in  a  grave  on  the  Eio  San  Juan. 

Figure  G.  The  fragment  from  which  this  form  is  drawn  was  foand  on 
the  Rio  San  Juan  near  the  Great  Creston  or  Hogback.  The  enamel  is 
dark,  and  the  painted  design  has  a  dark  metallic  lustre.  Tbe  upper 
part  of  the  vessel  has  been  quite  handsome  in  design ;  the  lower  part 
has  iu  all  probability  been  as  indicated  in  the  restoration,  as  all  whole 
specimens  which  have  similarly  shaped  necks  have  the  bottom  round 
or  nearly  so.  , 

Figure  7<  The  most  striking  characteristic  of  this  specimen  is  tbe 
shape  of  tbe  rim,  which  has  been  fashioned  for  the  reception  of  a  lid. 
The  quality  of  the  ware  has  been  good,  and  the  shape  seems  to  hare 
been  quite  symmetrical.  It  was  found  in  the  same  locality  as  the  pre- 
ceding. 

Figure  8.  A  great  many  disk-shaped  specimens  were  picked  up.  They 
are  of  the  same  material  as  tbe  ordinary  pottery,  and  have  in  most  cases 
been  painted  with  rude  designs.  The  finest  example  is  given  iu  this  fig- 
ure. They  are  usually  from  two  to  five  inches  in  diameter  and  about  one- 
half  an  inch  in  thickness. 

Sections  of  two  varieties  are  given  in  Figure  9.  These  disks  were 
doubtless  used  as  lids  for  tbe  various  narrow-necked  vessels.  This  speci- 
men fits  the  vesvscl  given  iu  Figure  7,  although  not  found  in  the  same 
locality. 
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In  Figures  10, 11 ,  and  121  give  three  specimens  from  the  collection  made 
by  Dr.  Palmer  in  Saint  George,  Utah ;  they  have  no  corresponding  forms 
ia  oar  collections. 

PLATE  XLVI. 

This  plate  contains  drawings  of  a  number  of  stone  implements,  arrow- 
heads, oniaraents,  and  other  articles  manufactured  or  used  by  the  ancient 
inlutbitauts  of  this  region.  Nearly  all  were  found  so  associated  with  the 
architectural  remains  that  I  do  not  hesitate  to  assign  them  to  the  same 
period. 

Figure  1  represents  a  small  fragment  of  rush  matting,  a  large  piece 
of  which  was  found  on  the  floor  of  the  '^  sixteen-windowed ''  cliff-houses 
of  the  Bio  Mancos.  It  was  probably  manufactured  from  a  species  of 
rush,  Scirpus  validtiSj  that  grows  somewhat  plentifully  along  the  Mancos 
bottoms. 

Figure  2  represents  a  bundle  of  small  sticks,  probably  used  ii^  playing 
some  game.  They  are  nearly  a.foot  in  length,  and  have  been  sharpened 
at  one  end  by  scraping  or  grinding.  Tbey  were  found  in  one  of  the  cliff- 
hopses  of  the  Mancos,  buried  beneath  a  pile  of  rubbish.  The  bit  of  cord 
with  which  they  are  tied  is  made  of  a  flax-like  fibre,  carefully  twisted 
and  wrapped  with  split  feathers ;  beside  this  a  number  of  short  pieces 
of  rojje  of  different  sizes  were  found,  that  in  beauty  and  strength 
would  do  credit  to  any  people.  The  fibre  is  a  little  coarser  and  lighter 
than  flax,  and  was  probably  obtained  from  a  species  of  yuccuj  which 
grows  everywhere  in  the  Southwest. 

Figure  3  is  a  very  perfect  specimen  of  stone  implement  found  buried 
in  a  bin  of  charred  corn  in  one  of  the  Mancos  cliff-houses. 

It  is  8  inches  in  length  and  2^  inches  broad  at  the  broadest  part ;  its 
greatest  thickness  is  only  i  an  inch.  One  face  is  slightly  convex,  while 
the  other  is  nearly  flat.  The  sides  are  neatly  and  uniformly  rounded,  and 
the  edge  is  quite  sharp.  It  is  made  of  a  verv  hard,  fine-grained,  sili- 
cious  slate,  is  gray  in  color,  and  has  been  ground  into  shape  and  polished 
iu  a  most  masterly  manner.  Although  its  use  is  not  positively  determined, 
it  belongs,  in  all  probability,  to  a  large  claas  of  implements  called  celts. 
This  specimen  has  probably  been  used  for  scraping  skins  or  for  other 
similar  purposes,  but  certainly  not  for  striking  or  cutting,  as  the  mate- 
rial is  very  brittle.  The  most  conclusive  proof  of  its  use  is  the  appear- 
ance of  the  edge,  which  shows  just  such  markings  as  would  be  produced 
by  rubbing  or  scraping  a  tough,  sinewy  surface. 

Figure  4  represents  a  part  of  a  metate  or  millstone.  The  complete 
implement  consists  of  two  parts — a  large  block  of  stone  with  a  concave 
surface,  upon  which  the  maize  is  placed,  and  a  carefully-dressed  but 
coarse-grained  slab  of  stone  for  grinding.  This  slab  is  generally  from 
8  to  12  inches  long  by  3  to  6  wide,  and  from  1  to  2  inches  thick.  The 
specimen  illustrated  is  made  of  black  cellular  basalt,  and  was  found 
with  many  others  at  the  ruined  pueblo  near  Ojo  Caliente,  New  Mexico. 
Fragments  of  these  primitive  mills  are  to  be  seen  at  nearly  every  ruined 
pueblo  that  I  have  examined. 

Figure  5,  a  very  much  worn  specimen  of  stone  axe,  which  was  found 
at  an  ancient  ruin  near  Abiquiu,  New  Mexico.  It  is  made  of  light-col- 
ored chloritic  schist,  and  measures  2  inches  in  width  by  3  in  length. 

Figures  G  and  Ga  are  specimens  of  ear-ornaments,  such  as  are  found  in 
connection  with  very  many  of  the  ruins  of  Southern  Colorado.  These 
are  made  of  finegrained  gray  slate,  only  moderately  well  polished,  and 
measure  an  inch  and  a  quarter  in  length. 

Figure  7  represents  a  marine  shell  of  the  genus  OUvellaj  obtained 
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CHAPTER    I. 

RUINS   OP   SOUTHWESTERN   COLORADO   AND    ADJACENT 

TERRITORY. 

In  continuing  tbe  investigation  (commenced  in  1874)  of  tbe  very  in- 
teresting ruins  scattered  throughout  the  San  Juan  Basin,  I  proceeded 
lo  Parrott  City,  a  frontier  mining-camp  on  La  Plata  River,  where  I  pro- 
cured the  services  of  Harry  Lee  as  guide  and  interpreter.  Mr.  E.  A. 
Barber,  naturalist,  and  special  correspondent  of  the  New  York  Herald, 
was  also  of  the  party.  Providing  ourselves  with  the  supplies  which 
had  been  forwarded  to  this  point  via  Tierra  Amarilla,  we  started  out 
late  in  July,  journeying  westwardly  to  the  point  on  the  Hovenweep 
from  which  we  had  turned  back  last  year,  and  where  we  resumed  our 
explorations. 

GENEKAL  DESCRIPTION  OF  THE  COUNTRY. 

The  Hovenweep  {deserted  valley)  is  a  tributary  of  the  McElmo,  which, 
together  with  the  wide-spreading  arms  of  the  Montezuma,  drains  into 
the  San  Juan  all  that  portion  of  the  country  lying  between  tbe  Mesa 
Verde  and  the  Sierra  Abajo,  covering  in  the  aggregate  some  2,500 
square  miles.  Their  labyrinthine  caHons  head  close  to  the  Dolores  on 
the  north,  and  ramify  the  plateaus  in  every  direction  with  an  intermi- 
nable series  of  deep,  desolate  gorges,  and  wide,  barren  valleys.  There 
is  not  a  living  stream  throughout  this  whole  region.  During  the  sum- 
mer months  water  occurs  in  but  very  few  places,  generally  in  pockets, 
sometimes  in  springs,  where  the  excess,  if  any,  is  soon  swallowed  up  by 
the  hot  and  thirsty  sands.  The  rainy  season  is  in  winter  and  the 
early  spring  months,  when  the  water  is  more  generously  distributed, 
being  then  found  in  the  many  basins  scattered  over  the  bare  tops 
of  the  mesas,  as  well  as  in  the  beds  of  the  canons,  the  lower  temper- 
ature of  the  colder  season  preventing  the  rapid  evaporation  of  summer 
and  autumn  weather.  As  a  great  proportion  of  the  surface  of  this  re- 
iilion  is  a  bare  bed  of  rock,  with  a  soil  in  the  lowlands  nearly  imper- 
vious to  moisture,  the  winter  showers  soon  gather  their  waters  together 
in  great  floods  in  the  main  channels,  and,  rushing  down  in  a  solid 
body,  form  the  deep  "washes"  so  characteristic  of  the  country.  But 
these  torrents  are  short-lived,  and  it  is  only  by  noting  the  height  of 
the  drift-material  lodged  upon  the  trunks  of  the  venerable  cottonwoods 
bordering  the  banks  that  we  can  fully  realize  such  great  bodies  of  water 
ever  having  existed  in  so  dusty  a  bed.  Every  cailon  and  valley  has  its 
corresponding  wash,  worn  perpendicularly  down  through  the  dry,  easily- 
eroded  soil,  forming  circuitous  but  excellent  pathways.  In  some  valleys, 
where  tbe  drainage  is  considerable,  these  washes  frequently  attain  a 
depth  of  from  30  to  40  feet,  and  are  impassable  for  miles. 
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The  intervening  table-lands  obtain  a  very  nearly  uniform  height  of 
500  feet,  rnnning  np  to  over  1,000  feet  as  we  approach  the  Dolores 
divide.  In  the  wider  valleys  the  maximum  is  reached  by  succesuTe 
steps  or  benches,  rising  one  back  of  the  other,  while  in  the  Danow 
canons  the  ascent  is  more  abrupt ;  the  upper  third  of  the  escarpment 
being  generally  perpendicular,  with  the  lower  two- thirds  composed  of 
talus.  Their  summits  and  sides  are  usually  clothed  with  a  growth  of 
scrubby  piOon  and  juniper  trees,  increasing  in  density  and  size  as  we 
approach  the  divide  on  the  north,  while  the  valleys  below  sustain  dense 
masses  of  sage-brush  and  greasewood,  that,  in  some  places,  attain  a 
height  of  from  10  to  12  feet.  Vigorous,  fresh-looking  cottonwoods  line 
the  main  channels,  and  are  as  deceptive  to  the  thirsty  traveller  as  a 
mirage.  One  may  travel  for  miles  in  the  parched  l)ed  of  the  wash  at 
their  feet,  while  overhead  their  wide-spreading  branches  cast  a  grate- 
ful shade,  and  yet  not  be  able  to  find  a  drop  of  water  anywhere  in  their 
vicinity. 

West  of  the  Montezuma  two  or  three  small  tributaries  of  the  San 
Juan  head  in  the  southern  face  of  the  Sierra  Abajo,  and  then  conies  Ep- 
som Creek,  rising  among  the  plateaus  farther  to  the  west — so  called  finKa 
the  water  in  one  portion  of  its  beds  tasting  like  Epsom  salts  and  having 
its  characteristic  effect  on  the  animal  system.  For  a  distance  of  some 
25  miles  above  its  mouth  the  valley  of  this  creek  presents  upon  its  east- 
ern side  a  remarkable  wall,  some  400  feet  in  height,  insurmountable 
throughout  its  whole  length,  with  the  exception  of  one  place,  where  the 
Indians  have  made  a  way  for  themselves.  It  is  caused  by  an  immense 
fold  in  the  sandstones,  running  north  and  south  in  a  semicircular  line, 
for  some  40  miles,  and  the  valley  has  been  eroded  from  the  portion 
where  the  strata  stood  nearly  perpendicular.  On  the  west  the  beds 
sweep  up  in  graceful  curves  to  a  nearly  horizontal  position,  upon  which 
isolftted  mesas  rise  above  the  general  level  in  bold  relief  against  the 
sky. 

The  Bio  San  Juan  drains  a  great  interior  basin,  covering  over  20,000 
square  miles,  as  well  as  several  great  mountain  masses  bordering  it 
The  river  at  the  mouth  of  the  McElmo  has  an  average  width  of  50 
yards,  and  a  depth  of  from  4  to  6  feet ;  its  current  moving  somewhat 
sluggishly  in  great  sweeping  curves  that  almost  touch  upon  themselves 
again.  The  water  is  warm,  and  well  freighted  with  the  soil,  which  it  is 
continually  undermining ;  contrasting  strongly  with  the  clear,  ice-cold 
tributaries  which  give  it  existence.  The  bottoms  are  from  3  to  5  miles 
in  width,  and,  bordering  the  stream,  covered  with  dense  growths  of 
cottonwoods  and  willows.  The  broad  and  fertile  alluvial  lands,  well 
covered  with  grass,  and  the  low  sage-brush  benches  bordering  them,  will 
undoubtedly  prove  a  rich  agricultural  possession  at  no  distant  di^. 
Back  of  all  upon  either  hand  rise  the  precipitous  sandstone  bluSs,  pic- 
turesque in  outline  and  color,  that  gradually  close  down  upon  the  river 
until  it  is  engalfed  in  the  great  caiion  which  commences  just  below  the 
mouth  of  the  Eio  De  Chelly.  It  is  then  lost  to  all  knowledge  until  it  it- 
appears  mingling  its  waters  with  those  of  the  still  more  turbid  Colorada 

South  of  the  San  Juan,  the  Eio  De  Ghelly,  coming  in  opposite  the 
mouth  of  Epsom  Creek,  does  not  differ  in  its  canon  character  from  those 
of  the  north.  The  bordering  plateau,  however,  is  more  massive  and  less 
cut  up  by  side  caiions.  The  same  aridity  prevails  throughout  nearly  its 
whole  length. 

Having  thus  superficially  surveyed  the  region,  on  which  are  to  be 
found  a  vast  number  of  prehistoric  ruins,  we  will  now  return  to  the 
Hovenweep,  and  examine,  in  such  detail  as  our  rapid  reconnoisssince  will 
allow,  the  more  prominent  of  the  abundant  remains. 
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BTJINS  OP  THE  HOVBNWEEP  AND  M'BLMO. 

Starting  from  the  Pueblo  of  the  Hovenweep  described  on  page  30  of 
Bulletin  ^o.  1,  second  series,  we  do  not  find  in  the  immediate  neighbor- 
hood any  other  ruins  of  importance,  bnt  a  short  distance  down  the  canon 
they  begin  to  occur  quite  frequently.  We  observe  first,  on  the  left,  the 
remains  of  a  tower  perched  upon  a  rock,  jutting  out  into  the  valley,  be- 
neath and  about  which  are  other  ruins,  evidently  belonging  to  the  tower. 
In  the  vicinity  ^' rock-shelters"  occur  upon  either  side  of  the  canon,  some 
merely  as  walled-up  caves,  while  others  are  semicircular  walls  built  out 
from  the  rock  and  protected  overhead  by  an  overhanging  ledge.  Some 
seven  miles  from  the  Pueblo,  and  about  three  miles  above  the  MoElmo,  on 
the  western  side  of  the  valley,  is  a  jagged,  butte-like  promontory  of 
brownish-yellow  sand-rock,  standing  out  from  the  mesa,  upon  the  faee  of 
which  are  a  number  of  benches  and  cave-like  recesses.  These  have  been 
hailt  up  and  enclosed  with  neatly-laid  walls,  making  six  different  houses 
or  sets  of  rooms  upon  three  benches,  one  above  the  other.  Access  was 
bad  from  below  by  ascending  a  steep  slope  of  dSbris  for  about  100  feet 
to  the  foot  of  the  rock,  where  we  find  the  first  and  largest  of  the  houses. 
This  is  some  12  feet  in  length  by  5  feet  deep,  divided  midway  into 
two  rooms,  but  rendered  somewhat  indistinct  by  the  falling  down  of  a 
portion  of  the  rock  back  of  it.  The  second  bench  contained  the  ruins 
of  a  row  of  three  small  rock-shelters.  Above  these  were  two  similar 
rains,  very  difficult  to  reach,  the  ledge  upon  which  they  stand  project- 
ing over  the  one  beneath.  The  perfectly  flat  floor  of  the  valley  at  the 
foot  of  the  rock  contained  faint  indications  of  having  been  occupied 
by  buildings.  One  of  the  curves  of  the  wash,  here  some  10  feet  in  depth,, 
in  cutting  away  the  soil  had  exposed  a  thin  stratum  of  cliarcoal  about 
6  feet  below  the  surface.  One  piece  that  we  picked  out  was  3  inches  thick, 
and  the  earth  about  the  mass  in  which  it  occurred  was  much  burnt,  as 
though  the  fire  had  been  long  continued.  About  a  mile  farther  down 
we  came  to  an  expansion  of  the  valley  with  a  canon  opening  in  from 
the  west. 

In  an  examination  of  this  for  six  miles,  we  failed  to  discover  any 
remains  of  stone  buildings,  but  found  very  numerous  indications  of  what 
were  probably  a.dobe  structures,  or  earthen  foundations  for  wooden  ones; 
in  every  instance  circular,  with  a  diameter  of  from  15  to  25  feet  A  dozen 
such  were  found  within  three  miles  of  each  other.  Fragments  of  pottery 
of  excellent  quality  and  neatly  ornamented  were  very  abundant.  Oppo- 
site the  month  of  this  cafion  the  mesa  juts  prominently  into  the  valley. 
Half-way  up  its  face  is  a  bench-like  spur,^  upon  which  rests  an  almost  per- 
fectly rectangular  block  of  sandstone  that  has  fallen  from  the  cliff  above. 
It  measurers  38  by  32  feet  and  is  20  feet  high.  The  upper  surface  is 
entirely  covered  with  the  remains  of  a  wall  from  3  to  5  feet  high  run- 
ning around  its  outer  edge;  a  diagonal  line  divides  its  interior  into  two 
nearly  equal  spaces,  one  of  which  is  again  subdivided  into  three  smaller 
rooms.  The  passages  between  the  latter  are  formed  by  the  overlapping 
of  the  ends  of  the  dividing  walls,  their  opposite  ends  being  set  off  from 
each  other  about  20  inches,  thus  necessitating  a  zigzag  course  in  passing 
from  one  to  the  other.  At  the  foot  of  the  south  side  of  the  rock,  and 
directly  beneath  the  subdivided  half  of  it,  there  is  a  line  of  stone  wall 
enclosing  a  space  40  feet  square,  the  rock  forming  one  side,  with  the 
centre  depressed  a  couple  of  feet  below  the  surrounding  level.  In  the 
right-hand  corner  of  this  enclosure,  against  the  rock,  are  the  ruins  of 
another  building  20  feet  square.  Ten  feet  above  the  base,  and  over  this 
rnin^  four  holes,  6  inches  deep  and  4  inches  in  diameter,  have  been 


414      KEPOBT  UNITED  STATES  GEOLOGICAL  SURVEY. 

drilled  into  the  rock,  serving  evidently  to  support  the  roof  of  the  build- 
ing below,  and  to  afford  a  means  of  access  to  the  rock  above,  a  door- 
way in  the  surrounding  wall  being  plainly  indicated  at  that  point. 

Two  miles  farther  down,  the  McElmo  comes  in  at  right  angles  frofli 
the  east,  and  upon  the  point  of  the  mesa  included  in  the  angle  tbas 
formed  by  the  two  caiions  or  valleys — we  cannot  call  them  streams- 
is  a  group  of  ruins  similar  to  those  already  described,  but  much  less  r^- 
ularly  built.  An  interesting  inscription  covering  some  60  square  feet  of 
surface  occurs  upon  the  under  face  of  a  large  rock,  supporting  a  min; 
animals  resembling  goats,  lizards,  human  figures,  and  many  hierogiypli' 
ical  signs  abound.  While  sketching  these,  our  attention  was  called  bj 
Mr.  Holmes  (who  accompanied  us  thus  far  with  his  division  on  his  way 
to  the  San  Juan,  and  who  had  ascended  to  the  summit  for  the  purpose 
of  sketching)  to  some  very  interesting  remains  that  he  had  discovered  oq 
the  summit  of  the  mesa.  The  perpendicular  scarp  of  the  mesa  ran  aroond 
very  regularly,  50  to  100  feet  in  height,  the  talus  slopin^^  down  atasteep 
angle.  On  cave-like  benches  at  the  foot  of  the  scarp  is  a  row  of  rock- 
shelters,  much  ruined,  in  one  of  which  was  found  a  very  perfect  polished- 
stone  implement.  Gaining  the  top  of  the  mesa  with  some  difficnltj,  we 
found  a  perfectly  flat  surface,  100  yards  in  width,  by  about  200  in  length 
separated  from  the  main  plateau  by  a  narrow  neck,  across  which  a  wall 
had  been  thrown,  but  which  is  now  nearly  levelled.  Almost  the  entire 
space  fenced  in  by  this  wall  was  covered  by  an  extended  series  of  smsll 
squares,  formed  by  thin  slabs  of  sand-rock  set  on  end.  All  were  oni- 
form  in  size,  measuring  about  3  by  6  feet,  and  arranged  in  rows,  two 
and  three  deep,  adjusted  to  various  points  of  the  compass.  There  were 
also  a  few  circles  disposed  irregularly  about  the  enclosed  area,  each 
about  20  feet  in  diameter,  their  circumferences  being  formed  of  similw 
rectangular  spaces,  leaving  a  circular  space  of  10  feet  diameter  in  the 
centre.  These  rectangles  occur  mainly  in  groups,  and  are  found  in- 
discriminately scattered  through  the  whole  region  that  has  come  under 
our  observation  upon  the  mesa  tops  and  in  the  valleys.  They  M  have 
the  same  general  shape  and  size,  and  are  seldom  accompanied  by  even 
the  faintest  indication  of  a  mound-like  character.  We  have  alwajs 
supposed  them  to  be  graves,  but  have  not  as  yet  found  any  evi- 
dence that  would  prove  them  such.  Some,  that  we  excavatec}  to  the 
depth  of  5  and  6  feet  in  a  solid  earth  that  had  never  been  distnrbed, 
did  not  reward  our  search  with  the  faintest  vestige  of  human  remains. 
In  nearly  every  case,  however,  a  thin  scattered  layer  of  bits  of  chapcoal 
was  found  from  G  to  18  inches  beneath  the  surface.  In  one  instance, 
near  the  Mesa  Verde,  the  upright  slabs  of  rock  which  enclosed  one  of  these 
rectangles  were  sunk  2  feet  into  the  earth  and  projected  6  inches  abo\'e  it. 

In  another  was  found  a  mass  of  charred  matter  that  promised  to  throw 
some  light  upon  the  subject,  but  a  chemical  analysis  by  Dr.  Endlich 
proved  it  to  be  simply  charred  juniper  wood,  without  perceptible  admix- 
ture of  animal  matter.  As  the  soil  on  the  summit  of  the  mesa  at  the 
junction  of  the  Hovenweep  and  McElmo  was  thin  and  sandy,  in  some 
places  blown  entirely  oflF,  leaving  the  bare  bed-rock  exposed,  there  being 
only  from  12  to  18  inches  of  earth  to  remove,  we  excavated  several  of 
these  with  pick  and  shovel.  In  no  case  did  we  find  anything  more  than 
the  scattered  charcoal  spoken  of  above.  In  some  the  earth  was  cal- 
cined, as  though  a  fire  had  been  made  within  them,  while  in  others  there 
was  no  vestige  of  a  fire  beyond  the  presence  of  the  charcoal.  Theqiws* 
tion  very  naturally  arises  as  to  whether  they  might  not  have  bee°  ere- 
mationists,  a  supposition  that  would  have  some  appearance  of  likelibood, 
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odd  we  but  find  any  trace  of  human  remains  among  the  bits  of  charred 
rood. 

Scattered  over  the  whole  surface  of  this  mesa  were  a  great  many  flint- 
Wppings,  from  among  which  we  picked  up  a  number  of  very  beautiful 
rrowpoiuts.  As  the  summit  commands  a  wide  sweep  of  country,  it  is 
ot  unlikely  that  sentries  of  old  beguiled  their  tedious  watch  with  arrow- 
lakiog. 

From  the  camp  at  the  Pueblo,  Mr.  Chittenden,  of  Mr.  Holmes's  divis- 
>p,  rode  up  the  Hovenweep  some  eight  miles,  to  where  it  divided  into 
vo  equal  branches,  and  upon  the  point  between  these  forks  he  found  the 
^mains  of  a  round  tower,  commanding  an  extended  view  down  the  main 
mon.    No  other  ruins  were  noticed. 

Tbe  parties,  under  the  guidance  of  Mr.  Gardner,  camped  one  night 
par  tbe  liead  of  the  Hovenweep,  and  found  there  an  important  group 
f  roins,  described  as  follows  by  Mr.  Adams : 

"Tbe  first  of  these  we  met  are  situated  at  the  upper  edge  of  tbe  side 
fthe  canon,  about  one-third  of  the  distance  from  the  top,  on  a  ledge 
t)out  300  feet  long  and  60  wide.  On  this  small  space  were  crowded 
me  40  houses,  as  well  as  we  could  judge  from  tbe  ruins.  Tbe  general 
to  of  structure  was  circular,  varying  in  size,  but  generally  from  TO  to 
i'feet  in  diameter.  The  stone  was  dressed  to  three  times  the  size  of 
^'ordinary  brick  and  in  the  same  shape.  •  •  •  The  whole  arrange- 
wit  of  the  little  town  was  for  defense;  perched  up  high  above,  on  the 
immits  of  bowlders,  were  little  watch-towers,  which  commanded  the 
toeau  above.'^ 

Between  the  Montezuma  and  the  Hovenweep  is  a  high  plateau,  rnn- 
ng  north  and  south  from  the  San  Juan  to  the  Dolores ;  the  southern 
Rtion  is  a  level  sage-covered  plain,  while  the  northern  is  undulating 
Id  covered  with  junipers  ttnd  piilon  pine.  Upon  this  we  found  the 
toains  of  many  circular  towers,  generally  occupying  slight  eminences, 
Id,  with  but  one  or  two  exceptions,  as  far  as  wie  observed,  they  were  so 
tooHshed  that  not  one  stone  remained  upon  another.  In  one  of  these 
Options,  about  half  the  circumference  of  a  tower  remained,  15  feet  in 
Ight  and  of  average  masonry.  Broken  pottery  was  but  sparingly 
Wtered  about,  showing  them  not  to  have  been  occupied  as  much  as 
b  very  simiiar  remains  in  the  valleys  below.  This  mesa,  averaging 
•  feet  in  height  above  the  surrounding  country,  does  not  contain  a 
Wng  or  drop  of  water,  except  such  as  may  remain  in  the  holes  in 
C  rocks  after  a  shower.  The  soil  is  thin  and  sandy,  blown  off  clean  to 
b  bed-rock  in  places,  yet  what  there  is  is  well  grassed,  and  sage-brush 
nrishes  luxuriantly.  As  cultivation  was  out  of  the  question,  and  per- 
cent residence  improbable,  it  is  very  likely  these  towers  were  lookouts 
^places  of  refuge  for  the  shepherds,  who  brought  their  sheep  or  goats 
►here  to  graze,  just  as  the  Navajos  used  to,  and  as  the  Utes  do  at  the 
went  time.  Eude  huts  of  a  later  day  iare  now  found  scattered  over 
fnurface  by  the  side  of  tbe  washes,  where  water  would  be  likely  to 
Beet  after  showers. 

RUINS  OF  THE  RIO  SAN  JUAN. 

In  travelling  down  the  San  Juan,  from  the  mouth  of  the  McElmo,  there 
bnot  within  the  first  10  or  12  miles  any  ruins  that  would  claim  atten- 
Wi  during  a  rapid  reconnoissance.  Indistinguishable  mounds  of  earth 
Sqnently  occur  along  the  bottom-lands,  surrounded  by  the  ever-present 
>gmettts  of  pottery,  showing  them  to  be  the  sites  or  the  remains  of 
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habitations ;  the  qaantity  of  pottery,  domestic  nteDsils,  and  arrow-points . 
helping  somewhat  to  determine  the  length  of  time  they  were  oocopied. 

OroBsing  the  month  of  the  broad  sandy  wash  of  the  Montezama,  which 
is  here  bordered  with  groves  of  brilliantly-green  cottonwoods  along  its 
arid  course,  we  pass  about  three  miles  below,  and  find  camp  under  a 
grove  of  patriarchal  trees  within  a  well-grassed  bend  of  the  river.  A 
wide  gravelly  bench,  some  50  feet  in  height,  and  running  back  to  the 
bluff  line,  rises  abruptly  from  the  bottom-lands.  A  few  rods  below  camp, 
the  river  in  its  meandering  sweeps  close  to  the  foot  of  this  bench,  pro- 
ducing an  almost  perpendicular  face.  Upon  the  top  of  the  bench  at 
this  point,  overlooking  the  river,  are  the  ruins  of  a  quadrangular  stmc- 
ture  of  peculiar  design. 

Beferring  to  the  ground-plan,  as  shown  in  Fig.  2,  Plate  XL  VIII,  we  see 
that  it  is  arranged  very  nearly  at  right  angles  to  the  river :  its  greatest 
depth  is  on  the  left,  where  it  runs  back  120  feet,  the  front  sweeping  back 
in  a  diagonal  line,  so  that  the  right-hand  side  is  only  32  feet  in  depth. 
The  back  wall  is  158  feet  long,  and  at  right  angles  to  the  two  sides.    In 
the  centre  of  the  building,  looking  out  upon  the  river,  is  an  open  space 
75  feet  in  width  and  averaging  40  feet  in  depth,  its  depressed  centre  be- 
ing divided  nearly  equally  by  a  ridge  running  through  it  at  right  angles 
to  the  river.    We  judged  this  to  have  been  an  open  court,  because  there 
was  not  the  least  vestige  of  a  wall  in  front  or  on  the  ridge  through  the 
centre,  while  upon  the  other  three  sides  the  walls  were  perfectly  distinct ; 
although  it  is  difficult  to  explain  why  it  should  have  been  hollowed  oat 
in  the  manner  shown  in  the  plan,  unless  the  depressions  mark  the  former 
sites  of  underground  apartments.    Back  of  this  court  is  a  series  of  seven 
apartments  of  equal  size,  springing  in  a  perfect  arch  from  the  heavy  wall 
facing  the  court,  leaving  a  semicircular  space  in  the  centre 45  feet  aeroes 
in  its  greatest  diameter.  Each  apartment  is  15  feet  in  length  and  the  same 
number  of  feet  in  average  width  across  the  centre;  the  walls  are  some- 
what irregular  in  thickness,  but  average  20  inches,  being  compact  and  well 
laid.   On  the  left  are  three  rooms  extending  across  the  whole  width  of  the 
building,  each  averaging  45  by  40  feet;  on  the  right  only  one  was  dis- 
cernible.   Our  impression  was  that  back  of  the  circle  the  walls  diverged 
in  the  manner  shown  in  the  plan,  although  there  is  so  much  confasion 
resulting  from  the  heaping  up  of  the  debris  that  much  must  be  left  to 
conjecture.    There  is  also  some  doubt  in  regard  to  the  wall  facing  the 
river  on  the  right;  it  is  barely  possible  that  it  extended  somewhat  far- 
ther  out,  and  that  it  has  become  entirely  obliterated  by  its  foundations 
giving  way.    Tbe  remains  of  the  wall  above,  however,  and  the  fact 
that  there  is  here  a  steep  inclination  to  the  brink  of  the  bluff,  led  as  to 
believe  that  it  had  been  originally  built  in  the  way  it  is  shown  in  the 
plan.    Extreme  massiveness  is  indicated  throughout  the  whole  strac- 
ture,  both  by  the  amount  of  debris  about  the  line  of  the  walls,  formini^ 
long,  rounded  mounds,  4  to  5  feet  high,  and  by  the  stone- work  cropping 
out,  20  to  24  inches  in  thickness.    Portions  of  the  outer  wall  have  fallen 
outward  almost  in  solid  pieces,  the  stones  remaining  spread  out  in  moch. 
the  same  order  they  occupied  in  the  standing  wall.    The  stones  are  of 
fair  size,  but  yet  not  so  large  but  that  one  man  can  handle  the  largest 
of  them.    They  were  obtained  from  the  neighboring  bluff,  and  probably 
undressed,  but  broken  into  very  nearly  rectangular  blocks,  so  that  when 
carefully  laid  and  dressed  up  ^  ith  adobe  cement  they  would  all  have 
the  effect  of  dressed  stone.    Their  extreme  age,  which  has  crumbled  a 
great  many  into  dust  and  rounded  the  asperities  of  all  into  shapeless 
bowlders,  renders  any  conjecture  upon  this  point  somewhat  uncertain^ 
Where  portions  of  the  undisturbed  wall  appear  above  the  rubbish,  it 


U.  S.  Geological  Svrvey. 


Plate  XLVm. 


PIO.l. 

RUINS  IN  MONTEZUMA 

CANON,  UTAH. 
Upon  an  isolated  mesa  60  xiao  feet 
In  diameter  and  40  feet  in  height- 


,^»»»Mm,,o,,„i..ui'-»,.,..n,„„„|^^ 


J/ 


FIG.  2. 

I    RUINS  UPON  THE 
RIO  SAN  JUAN 

,,.         .t.i.l.-  lillrlHl.l/,,^  ^ 
V  4.    '■ 


"^■•'•uffSO  ft.  In  height, 
ntanlng  a  row  of 

^^^S§  *'™*^^  buildings 


FZ0.8. 
HORIZONTAL  SECTION 

of  the 

^REAT  ECHO  CAVE 
on  the 


h  •  apvn  iptux, 
with  p^t  holea 
driTlai  info  rock 

a  -/inpfttee 


RIO  SAN  JUAN  Row  of  11  Rooms,  oTie  storylinielghfrfrom  1  to  10  feet  In  width . and  130  m  length 


JACKSON]  RUINS   OF   SOUTHWEST   COLORADO,  &C.  417 

shows  a  solid,  well-coustracted  masonry.  No  indicatioas  whatever 
could  be  foand  of  any  passage-ways,  nor  could  we  expect  to  find  any  so 
near  their  base,  for  all  the  apartments  were  probably  entered  by  lad- 
ders, the  same  as  in  other  buildings  of  this  order  that  we  have  found  in 
other  localities. 

Upon  either  side  and  back  of  this  building  were  low,  indefinite  lines 
of  earth,  not  more  than  12  to  18  inches  above  the  surrounding  surface, 
enclosing  areas  from  40  to  60  feet  in  diameter,  which  were  probably  cor- 
rals for  domesticated  animals;  the  walls  being  composed  of  adobe  or 
turf  brought  from  the  valley  below,  would,  of  course,  wash  down  to  a 
barely  perceptible  ridge. 

In  the  face  of  the  bluff  immediately  under  this  ruin,  and  upon  a  re- 
cessed bench  situated  about  half-way  between  top  and  bottom,  is  a  row 
of  little  "rock  shelters."  A  strata  of  a  rotten  shaly  sandstone  has 
been  weathered  or  dug  out,  probably  both,  for  a  distance  of  300  feet 
along  the  bluff,  to  a  depth  of  about  six  feet,  leaving  a  firm  fioor,  and  a 
projecting  ledge  overhead,  with  just  room  enough  to  walk  along  without 
stooping.  A  continuous  row  of  buildings  occupied  this  bench,  although 
most  of  them  have  tumbled  into  the  river,  and  none  have  their  front 
walls  remaining.  Door-ways  through  each  of  the  dividing  walls 
afforded  access  along  the  whole  line.  A  few  rods  up  stream,  and  in  the 
same  line  of  the  bluff  as  the  preceding,  was  another  little  niched  cave- 
boase,  14  feet  in  length,  5  feet  high  at  the  centre  and  6  deep,  divided 
intD  two  equal  apartments;  a  small  square  window,  just  large  enough 
for  one  to  crawl  through,  was  placed  midway  in  the  wall  of  each  half. 
We  well  might  ask  whether  these  little  " cubby-holes''  had  ever  been 
used  as  residences,  or  whether,  as  seems  at  first  most  likely,  they  might 
not  have  been  "  caches,"  or  merely  temporary  places  of  refuge.  While, 
DO  doubt,  many  of  them  were  such,  yet  in  the  majority  the  evidences 
of  use  and  the  presence  of  long-continued  fires,  indicated  by  their 
smoke-blackened  intieriors,  prove  them  to  have  been  quite  constantly 
occupied.  Among  all  dwellers  in  mud-plastered  houses  it  is  the  prac- 
tice to  freshen  up  their  habitations  by  repeated  applications  of  clay, 
moistened  to  the  proper  consistency,  and  spread  with  the  hands,  the 
thickness  of  the  coatiug  depending  upon  its  consistency.  Every  such 
application  makes  a  building  appear  perfectly  new,  and  many  of  the  best 
sheltered  cave-houses  have  just  this  appearance,  as  though  they  were 
but  just  vacated. 

A  quarter  of  a  mile  back  from  the  river,  rising  from  the  level  bench, 
is  a  long  narrow  hill  about  100  feet  in  height,  commanding  an  ex- 
tended view  up  and  down  the  valley,  upon  the  summit  of  which  is 
one  of  the  circular,  mound -like  enclosures  which  occur  so  frequently 
on  both  the  highlands  and  the  lowlands.  It  evidently  has  some  con- 
nection with  the  group  below  on  the  river's  edge,  for  there  are  no  other 
ruins  within  several  miles. 

Continuing  down  the  river,  under  the  great  bluffs  which  border  it 
closely,  we  find  many  ruins  of  the  '^  rock-shelter"  kind  occurring  fre- 
quently in  all  sorts  of  positions,  from  the  level  of  the  valley  to  a  height 
of  over  100  feet,  and  from  the  smallest  kind  of  a  '^  cache,"  not  larger 
than  a  bushel-basket,  to  buildings  that  probably  sheltered  several  fam- 
ilies. One  group  consists  of  a  row  of  three  small  houses  built  upon  a 
ledge  running  horizontally  along  the  perpendicular  face  of  the  bluff, 
about  60  feet  above  the  trail  immediately  below  it.  The  ledge  was  so 
narrow  that  the  buildings  occupied  every  available  inch  of  its  surface. 
As  near  as  we  could  judge  from  below,  each  was  about  5  feet  wide  and 
10  long,  with  apertures  through  their  end  walls,  and  windows  in  the  outer 
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wall  of  the  first  two.  "So  possible  means  of  access  were  discernible,  and 
if  ladders  were  ever  used  they  were  taller  than  any  of  the  trees  avail- 
able for  that  purpose  now  growing  in  this  vicinity. 

Aboat  twelve  miles  below  the  Monteznma  we  discovered,  far  away 
npon  the  opposite  side  of  the  river,  a  great  circular  cave,  occapjiog 
very  nearly  the  entire  height  of  the  bluff  in  which  it  occurred,  and  in 
which,  by  close  inspection  with  the  glass,  we  were  enabled  to  make  oat 
a  long  line  of  masonry.  Fording  the  river  and  approaching  it,  we  found 
that  the  bluff-line  at  this  place  was  a  little  over  200  feet  in  height,  the 
upper  half  alight-colored,  firm,  massive  sandstone,  and  the  lower  a  daris- 
red  and  shaly  variety.  The  opening  of  the  cave  is  almost  perfectly  cir- 
cular, 200  feet  in  diameter,  divided  equally  between  the  two  kinds  of 
rocks,  reaching,  within  a  few  feet,  the  top  of  the  bluff  above  and  the 
level  of  the  valley  below.  It  runs  back  in  a  semicircular  sweep  to  a 
depth  of  100  feet ',  the  top  is  a  perfect  half  dome,  and  the  lower  half  only 
less  so  from  the  accumulation  of  debris  and  the  thick  brushy  foliage, 
the  cool  dampness  of  its  shadowed  interior,  where  the  sun  never  touches, 
favoring  a  luxuriant  growth.  A  stratum  of  harder  rock  across  the  cen- 
tral line  of  the  cave  has  left  a  bench  running  around  its  entire  half- 
circle,  upon  which  is  built  the  row  of  buildings  which  caught  oor 
attention  half  a  mile  away.  Figure  3,  Plate  XLVIII,  is  a  plan  of  a 
horizontal  section  of  the  cave,  showing  the  ledge  and  the  manner  of  the 
disposition  of  the  buildings  upon  it,  and  in  Plate  XLIX,  the  ruins  as 
they  now  appear. 

The  houses  occupy  the  left  hand  or  eastern  half  of  the  cave,  for  the 
reason,  probably,  that  the  ledge  was  wider  on  that  side,  and  the  wall 
back  of  it  receded  in  such  a  manner  as  to  give  considerable  additional 
room  for  the  second  floor,  or  for  the  upper  part  of  the  one-story  roonos. 
It  is  about  50  feet  from  the  outer  edge  of  the  cave  to  the  first  building, 
a  small  structure  16  feet  long,  3  feet  wide  at  the  outer  end,  and  4  at  the 
opposite  end;  the  walls,  standing  only  4  feet  on  the  highest  remaining 
corner,  were  nearly  all  tumbled  in.    Then  came  an  open  space  II  feel 
wide  and  9  deep,  that  served  probably  as  a  sort  of  workshop.    Four 
holes  were  drilled  into  the  smooth  rock  floor,  about  6  feet  eqaidistanUj 
apart,  each  from  6  to  10  inches  deep  and  5  in  diameter,  as  perfectly 
round  as  though  drilled  by  machinery.    We  can  reasonably  assume  that 
these  people  were  familiar  with  the  art  of  weaving,  and  that  it  was  here 
they  worked  at  the  loom,  the  drilled  holes  supporting  its  posts.    At  6, 
in  this  open  space,  are  a  number  of  grooves  worn  into  the  rock  in  various 
places,  caused  by  the  artificers  of  the  little  town  in  shaping  and  polish- 
ing their  stone  implements.    The  main  building  comes  next,  occupying 
the  widest  portion  of  the  ledge,  which  gives  an  average  width  of  10  feet 
inside ;  it  is  48  feet  long  outside,  and  12  high,  divided  inside  into  three 
rooms,  the  first  two  13 j^  feet  each  in  length,  and  the  third  16  feet,  divided. 
into  two  stories,  the  lower  and  upper  5  feet  in  height.    The  joist-holes 
did  not  penetrate  through  the  walls,  being  inserted  about  six  inches, 
half  the  thickness.    The  beams  rested  upon  the  sloping  back  wall, 
which  receded  far  enough  to  make  the  upper  rooms  about  square 
Window-like  apertures  afforded  communication  between  each  room  all 
through  the  second  story,  excepting  that  which  opened  out  to  the  back 
of  the  cave.    There  was  also  one  window  in  each  lower  room,  about  12 
inches  square,  looking  out  toward  the  open  country,  and  in  Uie  upper 
rooms  several  small  apertures,  not  more  than  3  inches  wide,  were  pierced 
through  the  wall,  hardly  more  than  peep-holes.    The  walls  of  the  large 
building  continued  back  in  an  unbroken  line  130  feet  farther,  with  an 
average  height  of  8  feet.    The  space  was  divided  into  11  apartments, 
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with  oommanicating  apertures  between  them.    The  first  room  was  9} 
feet  wide,  the  others  dwindling  gradually  to  only  4  feet  in  width  at  the 
other  extremity.    The  rooms  were  of  unequal  length,  the  following  being 
their  inside  measurements,  commencing  from  the  outer  end,  viz :  12^, 
%  ^7  "^h  df  10,  8,  7,  7,  8,  31  feet  ]  the  ledge  then  runs  along  50  feet  far- 
ther, gradual!]^  narrowing,  where  another  wall  occurs  crossing  it,  after 
which  it  soon  'merges  into  the  smooth  wall  of  the  cave.    The  first  of 
these  rooms  had  an  aperture  large  enough  to  crawl  through,  leading  out- 
ward ;  the  wall  around  it  had  been  broken  away  so  that  its  exact  size  could 
not  be  determined ;  all  the  others,  of  which  there  were  about  two  to  each 
room,  were  mere  peep-boles,  about  3  inches  in  diameter,  and  generelly 
pierced  through  the  wall  at  a  downward  angle.    No  sign  of  either  roofing 
or  flooring  material  could  be  found  in  any  of  the  rooms.    Everythiug  of 
that  kind  has  been  thoroughly  burned  out  or  removed,  so  that  not  a  vest- 
ige of  wood-work  remain 8.    Wecannot  be  positively  certain  that  they  had 
ever  been  roofed,  the  mild  temperature  of  this  region  hardly  necessitating 
any  other  covering  than  such  as  the  ample  dome  of  the  cave  itself  offered. 
In  the  central  room  of  the  main  building  we  found  a  circular  basin-like 
depression  (a),  30  inches  across  and  10  deep,  that  had  served  as  a  fire- 
place, being  still  filled  with  the  ashes  and  cinders  of  aboriginal  fires,  the 
surrounding  walls  being  blackened  with  smoke  and  soot.    This  room 
was  undonbtedly  the  kitchen  of  the  house.    Some  of  the  smaller  rooms 
appear  to  have  been  used  for  the  same  purpose,  the  fires  having  been 
made  in  the  corner  against  the  back  wall,  the  smoke  escaping  overhead. 
The  masonry  displayed  in  the  construction  of  the  walls  is  very  credit- 
able ]  a  symmetrical  curve  is  preseved  throughout  the  whole  line,  and 
every  portion  perfectly  plumb )  the  subdivisions  are  at  right  angles  to 
the  front.    The  stones  employed  are  of  the  size  used  in  all  similar  struct- 
ures, and  are  roughly  broken  to  a  uniform  size.    More  attention  seems 
to  have  been  paid  to  securing  a  smooth  appearance  upon  the  exterior  than 
*  the  interior  surfaces,  the  clay  cement  being  spread  to  a  perfectly  plane 
surface,  something  like  a  modem  stucco  finish.    In  many  plEices,  of  course, 
this  had  peeled  away,  leaving  the  rough,  ragged  edges  of- the  stones 
exposed.    On  the  inner  walls  of  some  of  the  subdivisions  that  appear  to 
have  been  less  used  than  others,  the  impressions  of  the  hands,  and  even 
the  delicate  lines  on' the  thumbs  and  fingers  of  the  builders,  were  plainly 
retained^  in  one  or  two  cases  a  perfect  mould  of  the  whole  inner  surface 
of  the  hand  was  imprinted  in  the  plastic  cement.    They  were  considera- 
bly smaller  than  our  own  hands,  and  were  probably  those  of  women 
or  children.    In  the  mortar  between  the  stones  several  corn-cobs  were 
found  embedded,  and  in  other  places  the  whole  ear  of  corn  had  been 
pressed  into  the  clay,  leaving  its  impression ;  the  ears  were  quite  small, 
none  more  than  5  inches  long.    In  the  rubbish  of  the  large  house  some 
small  stone  implements,  rough  indented  pottery  in  fragments,  and  a 
few  arrow-points  were  found.    It  is  a  wonder  that  anything  is  found, 
for  it  is  more  than  likely  that  every  house  has  been  ransacked  time  after 
time  by  wandering  bands  of  Utes  and  Navajos,  who  would  search  with 
keen  eyes  for  any  articles  of  use  or  ornament  left  after  the  first  spolia- 
tion.   The  whole  appearance  of  the  place  and  its  surroundings  indicates 
that  the  family  or  little  community  who  inhabited  it  were  in  good  cir- 
cumstances and  the  lords  of  the  surrounding  country.    Looking  out  from 
one  of  their  houses,  with  a  great  dome  of  solid  rock  overhead,  that 
echoed  and  re-echoed  every  word  uttered  with  marvellous  distinctness, 
and  below  them  a  steep  descent  of  100  feet  to  the  broad  fertile  valley 
of  the  Bio  ISan  Juan,  covered  with  waving  fields  of  maize  and  scattered 
groves  of  majestic  cotton  woods,  these  old  people,  whom  even  the  imagin- 
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ation  can  hardly  clothe  with  reality,  must  have  felt  a  sense  of  aecahty 
that  even  the  iucursiuns  of  their  barbarian  fees  ooald  hardly  have  diik 
turbed. 

Soon  after  leaving  the  Casa  del  £co,  as  we  named  the  last  rains,  oar 
trail  bore  away  to  the  right  upon  the  plateaus,  which  now  began  to 
encroach  too  closely  upon  the  river  to  permit  us  to  follow  its  course,  and 
we  came  to  a  second  line  of  bluffs  which  were  gradually  also  surmounted. 
The  evidences  of  former  occupation  continue  as  numerous  as  ever,  find- 
ing shape  principally  in  cave-houses,  all  too  near  alike  to  be  described 
without  repetition.  A  novel  feature  at  one  point  is  a  smooth  bloff  of 
cream-colored  sandstone  about  150  feet  high,  with  hardly  a  seam  on  its 
surface,  over  which  has  been  cut  a  series  of  steps.  Upon  the  pile  of 
debris  at  the  left  are  the  ruins  of  some  structure  that  bad  been  built  last 
beneath  the  line  of  foot-steps,  and  was  evidently  placed  there  as  an  ap- 
proach to  them,  as  they  only  came  down  to  within  about  12  feet  of  the 
bottom.  A  large  slab  of  rock  lying  against  the  bluff  on  the  right  vas 
separated  from  it  about  3  feet  at  the  base,  making  a  long,  narrow  pas- 
sage-way, that  could  also  be  reached  through  a  small  opening  between 
the  rocks  on  the  right ;  from  within  this  place  it  was  not  difficalt  to 
reach  a  round  bowlder  lodged  above,  from  which  starts  another  line  of 
steps.  The  surface  of  the  rock  has  been  worn  away  to  such  an  ei- 
tent  as  to  nearly  obliterate  some  of  the  holes,  rendering  ascent,  at  the 
present  time,  impossible;  and  as  the  bluff  was  inaccessible  for  two  or 
three  miles  upon  either  side,  we  did  not  reach  the  top  nor  see  from  belov 
any  evidences  of  building. 

Our  trail  over  the  bare  plateau  finally  brought  us  down  to  the  San  Join 
again  just  at  its  junction  with  Epsom  Cieek  and  but  a  short  distance 
above  the  mouth  of  the  Eio  De  Chelly,  where  we  found  a  pleasant  park- 
like  valley,  aboutr  a  mile  in  length,  bordered  by  groves  of  cottonwood 
and  willows.    The  beds  of  Epsom  Creek  and  the  Eio  De  Chelly  veie 
both  perfectly  dry,  like  all  the  tributaries  of  the  San  Juan  west  of  tbi 
Mancos,  although  in  the  latter  were  indications  of  occasional  flooding! 
some  of  the  deeper  pockets  retaining  shallow  pools  of  a  very  red  moddj 
water.    Upon  every  side — except  where  the  broad  valley  of  Epsoa 
Creek  opened  northwardly,  with  the  deep  blue  summits  of  the  ^era 
Abajo  appearing  in  the  vista — steep  rugged  bluffs  o£  bare  red  rock,  an 
seen,  weathering  occasionally  into  sharp  needle-like  pinnacles,  diao^ 
ble  for  long  distances  in  every  direction.    The  San  Juan  emerges  froa 
a  considerable  canon  at  the  head  of  this  little  valley  only  to  sink  into  a 
still  greater  one  below.    The  low  stage  of  water  encourages  as  to  ex- 
plore this  lower  cailon  for  a  short  distance,  which  we  coidd  readily  ^ 
upon  our  riding-animals,  the  indefatigable  little  Mexico,  our  pack-mnK 
carrying  the  photographic  instruments.    We  penetrated  its  exceedinglf 
tortuous  course  about  10  miles,  meeting  no  serious  obstruction,  and  iti* 
likely  could  have  gone  much  farther.    The  walls  rise  abruptly,  generaltf 
perpendicularly,  upon  either  side,  from  1,000  to  2,000  feet  iu  height,  bal 
always  with  a  bench  covered  with  a  rough  talus  at  the  bottom  border* 
ing  the  stream.    Former  floods  and  the  drifting  sands  from  the  plateaa 
above  have  filled  up  the  interstices  in  the  rocky  mass,  smoothing  tltf 
way  over  them  very  considerably. 

EUINS  OF  THE  EIO  DE  CHELLY. 

In  the  walls  of  the  cafion  of  the  Chelly,  where  it  opens  into  the  paik> 
are  several  great  circular  caves,  averaging  100  feet  in  diameter,  ia 
which  are  the  remains  of  walls  and  houses,  but  all  very  much  diUpif 
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dated.  Upon  a  ledge  on  the  opposite  side  of  the  caiion  is  a  row  of  four 
hoases,  not  easily  reached,  one  of  which  still  retained  a  roof;  and  in 
another  case,  a  shelter  was  formed  by  inclining  a  row  of  sticks  across 
the  opening  of  the  cave,  with  the  outside  thickly  plastered  with  clay. 
It  had  every  appearance  of  being  a  more  recent  structure,  yet  it  was  in 
the  midst  of  much  olderlookiug  ones,  and  in  an  almost,  if  not  quite, 
inaccessible  position. 

Over  the  level  surface  of  the  valley  the  older  form  of  ruins,  indicated 
principally  by  broken  pottery,  occurred  in  several  places,  and  also,  on 
a  bench  bordering  the  San  Juan,  just  above  Epsom  Greek,  are  a  num- 
ber of  small  squares  arranged  in  circles,  that  we  have  heretofore  as- 
sumed to  be  places  of  sepulture. 

In  going  southward,  up  the  Chelly,  we  find  it  necessary  to  avoid  the 
canons  and  make  a  detour  to  the  right,  crossing  a  rugged  depression  in 
the  line  of  bluffs,  to  the  valley  of  a  small  tributary,  then  over  another 
divide  across  the  upturned  edges  of  the  great  fold  spoken  of  in  the  first 
part  of  this  article,  to  quite  an  expansion  of  the  valley  of  the  Chelly, 
about  one  mile  square,  covered  with  sage-brush  and  drifted  sand, 
on  tbe  upper  or  rigbt-hand  side  of  which  we  were  fortunate  enough  to 
find  two  springs  of  cool,  fresh  water,  a  most  delicious  luxury  where  the 
temperature  of  the  water  of  the  San  Juan,  the  coldest  to  be  had,  was 
80  degrees,  and  the  temperature  of  the  atmosphere  away  up  in  the  hun- 
dreds during  the  day-time. 

The  surface  of  this  valley,  or  small  plain,  contains  indications  of  old 
rains,  about  which  we  picked  up  many  arrows,  knives,  and  other  s^one 
implements,  with  the  ever-present  pottery.  The  wash  of  the  Chelly 
akirts  one  side  of  the  valley,  with  perpendicular  bluffs  200  to  400  feet 
high,  closely  bordering  its  other  bank.  Above  and  bjlow,  the  opposite 
bluffs  rise  again,  throwing  the  wash  into  deep  canons.  An  examination 
of  the  exceedingly  tortuous  course  of  the  wash  and  its  accompanying 
bluff  line  for  a  distance  of  5  miles  up  and  down  revealed  but  one  ruin 
(Plate  L),  a  very  important  and  interesting  one,  however. 

This  cave-town  occurs  in  a  great  bend  of  the  encircling  line  of  bluffs, 
trhere  the  wash  makes  a  wide  detour,  and  is  perched  upon  a  recessed 
bench  about  70  feet  above  the  valley.  It  is  overhung  by  a  solid  wall  of 
massive  sandstone  extending  up  over  200  feet  higher.^  The  left-hand 
side  of  the  bench  supporting  the  buildings,  sweeps  back  in  a  sharp  curve 
about  80  feet  under  the  bluff,  and  then  gradually  comes  to  the  front 
again  until,  on  the  extreme  right  hand,  the  buildings  are  built  upon  a 
mass  of  ffibriSf  but  partially  protected  overhead.  The  total  length  over 
the  solidly-built  portion  of  the  town  is  545  feet,  with  in  no  place  a  greater 
width  than  40  feet;  There  are  somewhere  in  the  neighborhood  of  75 
rooms  upon  the  ground-plan,  with  some  uncertainty  existing  as  to 
many  of  the  snbdivisionson  the  right  hand  in  the  vicinity  of  d  and  « j 
but  in  the  cave-built  portion  every  apartment  was  distinctly  marked. 
Midway  in  the  town  is  a  circular  room  of  heavily  and  solidly  built 
masonry,  that  was  probably  intended  for  an  est^fa  or  council  hall ; 
that  is,  if  we  can  reasonably  assume  any  similarity  in  the  methods  of 
building  or  worship  to  those  of  the  Pueblos  of  New  Mexico.  Start- 
ing firom  this  estufa  is  a  narrow  passage  running  back  of  tbe  line  of 
bouses  on  the  left  to  the  two-story  group,  a,  where  it  ends  abruptly, 
farther  access  being  had  through  the  ba<;k  row  of  rooms,  or  over  the 
roofs  of  the  lower  front  row,  probably  the  latter,  for  it  is  likely  that 
these  roofs  served  as  a  platform  from  which  to  enter  the  rooms  back 
of  it.  At  the  extreme  lelt-hand  end  a  still  higher  ledge  occujrs,  with  the 
overhanging  wall  coming  down  close  to  it,  its  outer  edge  enclosed  by  a 
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wall,  with  a  little  store-room  in  its  farther  corner.  This  space  was  re- 
served, probably,  as  an  outdoor  working-room.  All  the  buildings  of  this 
half  are  of  one  story,  with  the  exception  of  the  group  «,  the  residence 
probably  of  the  chief  or  of  some  other  important  family  in  the  comma- 
iiity.  The  rooms  just  back  of  it  are  the  store-rooms  of  the  family,  where 
the  corn  and  squashes  were  put  away  for  the  winter's  consumption. 
At  the  place  marked  6,  near  these  storerooms,  there  are  two  half-ronnd 
indosures  of  stone- work,  that  are  very  likely  the  remains  of  small  reser- 
voirs or  springs.  The  rock  back  of  them  is  dug  out  beneath,  and  bad, 
even  in  the  dry  season,  when  we  were  there,  a  damp  appearance,  as 
though  water  was  not  far  removed,  and  might  easily  be  coaxed  to  the 
surface.  The  front  line  of  wall  of  this  left  side  of  the  town  isbuilt  upon 
a  steep  angle  of  smooth  rock,  with  the  interior  of  the  apartments  filled 
up  with  earth  so  as  to  make  their  floors  level,  bringing  them  a  little 
below  the  passage-way.  In  two  or  three  instances,  as  shown  in  the  plan, 
the  front  wall  has  given  way,  precipitating  all  but  the  back  wall  to  the 
bottom  of  the  cliffs.  Holes  have  been  drilled  into  the  rock  in  a  few 
places  beneath  the  walls,  evidently  to  assist  in  retaining  them  in  their 
places. 

The  whole  front  of  this  portion  of  the  town  is  without  an  aperture, 
save  very  small  windows,  and  is  perfectly  inaccessible,  both  from  the 
solidity  of  the  wall  and  the  precipitous  nature  of  the  foundation-rock 
beneath  it.  Admittance  was  probably  gained  from  near  the  circular 
building  in  the  centre,  by  ladders  or  any  other  well-guarded  approach 
over  the  rocks. 

Going  to  the  right  from  the  esUifa  we  have  to  climb  up  about  8  feet, 
reaching  a  narrow  ledge  that  starts  out  from  the  bluff.  From  here  to 
the  farther  end  the  buildings  are  built  irregularly  over  the  uneven  sur- 
face of  rocky  dSbria,  each  house  conforming  to  the  irregularities  by  which 
it  is  surrounded,  but  all,  as  at  d  and  e,  presenting  the  general  arrange- 
ment of  clusters  about  central  courts,  that  served,  in  all  probability,  as 
corrals  for  their  domestic  animals.  In  some  places  near  these  corrals 
the  under  surface  has  broken  away,  disclosing  a  solidly -packed  bed  of 
old  manure,  very  nearly  resolved  into  dust,  and  through  which  were 
scattered  twigs  of  willow,  fragments  of  pottery,  and  sticks  of  cedar. 
Some  of  the  rooms  are  quite  large,  from  15  to  25  feet  in  length.  The 
very  small  rooms  surrounding  them  were  probably  for  storage,  and  in 
some  cases  seem  to  have  answered  the  purpose  of  fire-places,  as  at/,  for 
baking  pottery^  very  likely.  None  of  these  buildings,  as  far  as  we  could 
discover,  were  of  more  than  one  story  in  height.  All  the  door-ways  or 
windows  opened  from  within  the  courts  or  corrals,  and  were  unusually 
large,  reaching  in  some  cases  the  whole  height  of  the  wall.  The  front 
line  was  so  broken  down  that  it  was  impossible  to  tell  to  what  extent  it 
was  accessible,  although  we  may  reasonably  infer  that,  with  the  excep- 
tion, perhaps,  of  a  way  for  themselves  and  their  animals,  it  was  not 
readily  so.  The  bluff  itself  was  easy  to  ascend,  being  composed  of  large 
rocks,  the  spaces  between  being  filled  with  smaller  debris. 

In  their  construction  these  buildings  differ  froni  any  we  have  yet  met, 
in  the  thickness,  or  rather  thinuess,  of  their  walls,  being  very  seldom 
more  than  a  foot,  or  more  frequently  between  that  and  six  inches  thick. 
The  stones  of  which  they  are  built  are  in  long,  thin  slabs,  roughly 
trimmed  down  to  the  required  size,  and  laid  in  an  abundance  of  adobe 
mortar.  In  most  of  the  rooms,  both  the  inside  and  outside  have  been 
.  smoothly  plastered  with  clay,  and,  where  i)rotected  overhead,  still  retain 
that  coating  in  fair  preservation. 

A  few  rods  to  the  right  is  another  smaller  recessed  bench,  upon  which 
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tered it  first,  about  whiclx  are  grouped  a  uumber  of  old  rains.  This  baa 
beeo  a  favorite  Indian  wiotering-ground,  so  that  the  ruios  here  have 
been  much  modified  by  their  occupation. 
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are  built  two  small  hoases,  each  about  teu  feet  square,  and  one  with  its 
roof  still  entire.  The  approach  from  below  is  a  smooth,  rocky  surface, 
so  steep  as  to  be  almost  impossible  of  ascent,  and  with  no  remains  of  any 
other  easier  method  of  getting  up.  ^ 

At  the  foot  of  the  blaff  beneath  that  portion  of  the  ruin  marked  (7, 
in  the  ground-plan,  a  low  bench  rises  about  ten  feet  above  the  surround- 
ing valley,  upon  which  are  indications  of  old  buildings  and  of  other 
remains— our  so-called  burial-places.  Chipped  flint-work  was  plentiful, 
as  we  found  a  number  of  very  beautiful  specimens  of  arrow-points,  per- 
forators, knives,  and  other  domestic  utensils.  In  a  mass  of  d4bris  at  the 
foot  of  the  two-story  tower,  seven  large  earthen  pots  of  rough  indented 
ware  were  found  imbedded  in  the  soil  and  filled  with  earth.  They  were 
too  fragile  to  admit  of  transportation  upon  pack-animals,  so  we  put  them 
carefully  by  for  future  investigators.  In  the  rubbish  at  the  extreme 
right,  a  handsome  little  jug  or  vase  (see  Fig.  5,  Plate  LXV)  was  found, 
lacking  only  its  handle.  A  careful  search  through  the  very  thick  de- 
posits of  debris  would  undoubtedly  reveal  many  treasures,  and  we  felt 
many  regrets  that  we  could  not  consistently  devote  a  number  of  days 
to  the  pleasant  undertaking.  We  can  only  expect  to  skim  the  surface, 
leaving  to  others  hereafter  the  more  satisfactory  duty  of  exhausting  each 
subject  in  detail. 

In  progressing  southward  we  again  find  it  necessary  to  climb  the  steep 
bln£fs  bordering  the  Chelly,  here  so  tortuous  and  walled  up  as  to  be  im- 
practicable, if  not  impassable.  Once  on  top,  however,  we  made  our 
way  with  comparative  ease  over  great  dunes  of  a  very  fine,  yellowish- 
white  sand,  packed  so  solidly  as  to  inconvenience  the  animals  but  very 
little.  Much  the  greater  part  of  the  way  is  over  a  solid  floor  of  bare, 
nearly  white,  sandstone,  rising  into  occasional  dome-shaped  hillocks, 
and  furrowed  by  shallow  ravines.  Sagebrush, juniper,  and piiion  trees 
are  scattered  plentifully  over  the  whole  region,  affording  the  only  re- 
lief to  an  otherwise  perfectly  barren  desert.  Travelling  thus  over  this 
trackless  waste,  we  rea(2h  in  about  fifteen  or  twenty  miles  the  bare  red 
plains  of  the  famous  so-called  diamond-fields  of  Arizona.  Beautiful 
garnets  were  found  scattered  plentifully  over  the  whole  region,  but 
they  could  not  tempt  us  to  linger,  for  the  sun  beat  down  upon  its  arid 
surface  with  such  an  intensity  that  but  for  the  extreme  dryness  and 
salubrity  of  the  atmosphere  it  would  have  prostrated  anything  but  a 
salamander. 

After  crossing  this  plain  we  came  suddenly  upon  a  side  canon  running 
across  our  course,  seemingly  a  mere  gash  in  the  rocky  plateau,  into 
which  we  were  fortunate  enough  to  find  a  practicable  way  for  ourselves 
and  animals.  But  what  a  contrast !  A  smooth  sward  of  grass,  and 
thick  patches  of  the  tall  reedy  kind  peculiar  to  damp  localities,  made  a 
change  grateful  to  both  man  and  beast.  Continuing  down  this  caHon — 
which  has,  in  consequence  of  its  inviting  appearance,  been  called  the 
Canon  Bonito  Chiquito — a  couple  of  miles  brings  us  the  wash  of  the 
Chelly  again,  bprdered  with  groves  of  fine  old  oottonwoods,  but  its 
bed,  in  which  were  pools  of  clear  water,  was  so  deep  as  to  be  almost 
inaccessible.  A  band  of  wandering  Navajos  just  before  us,  with  large 
flocks  of  sheep,  had,  however,  made  a  way  down  that  we  found  prac- 
ticable. 

An  after-investigation  revealed  the  presence  of  water  in  large  artifi- 
cial reservoirs,  or  tanks,  in  the  cailon  Bonito,  just  above  where  we  en- 
tered it  first,  about  which,  are  grouped  a  number  of  old  ruins*  This  has 
been  a  favorite  Indian  wintering-ground,  so  that  the  ruins  here  have 
been  much  modified  by  their  occupation. 
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Two  miles  dowQ  tbe  caflon  of  the  Cbelly  we  foand  the  house  shown  in 
Plate  XLVII.  Its  sitoatiou  is  verj'  similar  to  that  of  the  towu  shown 
in  Plate  19,  but  it  is  overbuug  by  a  less  height  of  the  impending  blafil 
It  ^vas  reached  from  the  valley  by  a  series  of  steps  cut  into  the  rock, 
but  now  so  eroded  away  as  to  be  impracticable.  It  is  accessible  now  by 
way  of  tbe  ledge,  some  10  or  12  rods  in  length,  which  extends  to  the 
left  from  the  house,  but  nflFords  a  very  narrow  and  precarious  footing. 
At  the  time  of  occupancy  this  was  walled  across,  with  possibly  a  way 
for  getting  over  or  around,  for  this  ledge  communicated  directly  with 
the  plateau  above,  where  there  are  the  remains  of  what  was  possibly  a 
corral. 

The  house,  20  feet  in  height,  consists  of  two  stories,  built  ag^ainst  the 
sloping  back  wall  of  the  bluflf ;  the  lower  story  is  18  by  10  feet  square, 
divided  into  two  rooms,  one  slightly  smaller  than  the  other,  with  a  com- 
municating door  between,  and  a  large  door  opening  outward  from  the 
larger  one.  The  upper  floor  appears  to  have  been  all  in  one  room,  with 
one  large  window  facing  outward,  and  several  smaller  ones  in  the  side 
walls.  Extens^ious  existed  upon  either  side,  and  also  some  kind  of  stract- 
ure  in  front,  probably  a  sort  of  platform-house,  covering  the  lower  door- 
way. To  the  right  the  ledge  grows  narrower,  and  gradually  merges  into 
the  perpendicular  bluff;  40  ieet  from  the  house,  on  this  ledge,  are  the 
remains  of  a  wall  across  it.  About  20  rodl^  above,  at  the  foot  of  the 
bluff,  there  is  a  deep  natural  reservoir  of  water,  formed  by  the  accumn- 
lated  rains  upon  the  plateau  above  pouring  over  the  rocks  and  scooping 
out  a  basin  30  feet  in  diameter  and  fully  as  deep,  that  seems  to  retain  a 
perpetual  supply  of  water. 

^ear  our  camp,  just  at  the  junction  of  the  two  caiions,  and  on  tbe  flat 
surface  of  the  sage-covered  valley,  is  a  row  of  small  squares  marked  oat 
by  large  stones,  such  as  have  already  been  described,  standing  on  end. 
In  this  case  the  squares  were  of  such  careful  construction  and  size  as 
to  encourage  us  to  dig  into  them  to  a  considerable  depth.  Beyond  the 
scattered  bits  of  charcoal,  very  sparingly  deposited  in  this  instance, 
however,  nothing  was  found. 

Five  miles  above  the  canon  Bonito,  the  Chelly  expands  into  a  wide 
valley  that  extends,  with  only  slight  interruptions,  to  the  foot  of  tbe 
canon  De  Obelly,  at  the  northern  end  of  the  Tunecha  Mountains.  It  is 
bordered  by  lowbut  abrupt  sandstone  bluff's,,  which  have  been  broken  into 
isolated  monuments  in  some  places,  that  stand  like  huge  sentinels  apon 
either  hand,  as  if  to  warn  the  traveller  from  the  desolation  surrounding 
him.  Although  the  bluffs  contain  numerous  great  circular  caves,  favor- 
ite  building-places  of  the  ancient  builders,  we  find  only  two  or  three  rains 
of  that  kind,  and  these  only  in  the  lower  end  of  the  valley,  the  last  we 
noticed  being  about  eight  miles  above  the  canon  Bonito.  This  was  tbe 
largest  and  most  important  one  in  this  vicinity,  occupying  a  large  circu- 
lar cave  very  similar  to  the  one  of  the  San  Juan,  divided  into  twelve  or 
fifteen  rooms,  with  a  large  corral  or  court,  and  an  elevated  bench  on  one 
side,  with  a  low  wall  running  around  its  front  edge.  This  had  been 
occupied  by  the  Navajos  for  corraling  their  sheep. 

Over  the  broad,  flat,  valley,  sage-covered,  sandy,  and  monotonons, 
and  through  which  the  wide  shallow  wash  meandered  from  side  to  side, 
we  found  frequent  indications  of  its  former  occupancy  by  the  old  people 
whom  we  have  been  following  up.  These  indications  extend  southward 
until  they  are  lost  in  the  cultivated  region  about  the  head  of  the  valley. 

There  were  no  more  remains  of  stone-built  houses,  nor  the  slightest 
sign  of  one ;  all  were  probably  of  adobe,  the  only  clew  in  many  cases  being 
simply  a  slight  mound  with  considerable  quantities  of  broken  pottery 


Plate  ILTO 


J1CK50S.]  RUINS   OF   SOUTHWEST   COLORADO,  &C.  425 

sarrounding  it.  Eigbt  miles  np  the  cailon  De  Chelly  are  the  rainn  of  a 
cave-town  very  maeh  like  the  one  described  (Plate  L),  bat  much  smaller, 
and  with  a  mined  mass  of  bouses  at  the  foot  of  the  bJufis  below  the  cave- 
like  bench.*  About  the  head  of  the  valley  the  Navajo  Indiana,  taking 
advantage  of  the  water  which  comes  down  thus  far  from  the  mountains 
to  the  east,  have  under  cultivation  several  hundred  acres,  planted  with 
corn,  pampkins,  and  melons.  From  here  our  trail  to  the  Moqui  settle- 
ments branched  off  in  a  southwesterly  direction  to  a  low  divide  under 
the  southern  end  of  the  Mesa  Vaca,  where  it  turned  nearly  south  and 
hardly  deviated  from  a  bee-line  for  a  distance  of  nearly  40  miles  to  Tegua, 
the  nearest  of  the  Moqui  towns. 

We  will  not  now  stop  to  discuss  the  question  as  to  what  connection 
may  have  existed  between  the  ancient  builders  of  the  San  Juan  and  the 
present  semi- civilized  people  known  as  the  Moquis,  but  return  to  the 
mouth  of  Epsom  Creek  and  describe  the  many  curious  remains  found 
north  of  the  San  Juan,  all  of  which  bear  some  relationship  to  those  of 
the  Hovenweep  already  noticed. 

RUINS  OF  EPSOM  CREEK. 

Fifteen  miles  up  Epsom  Greek  a  side  caHon  comes  in  from  the  left, 
down  which  trickles  a  scanty  stream  of  brackish  water  with  the  pecu- 
liarity of  taste  and  action  which  has  given  the  name  to  the  whole  val- 
ley. Camping  here,  we  extended  our  observations  up  this  lateral  cafion 
some  8  or  10  miles  in  quest  of  ruins,  and  found  them  numerous  enough 
to  satisfy  our  most  earnest  desire,  although  not  of  the  importance  of  the 
greater  ones  of  the  San  Juan  and  De  Chelly.  All  were  of  the  small  cave 
kind,  mostly  mere  ^* cubby-holes,"  but  so  smoke-blackened  inside  and 
showing  other  marks  of  use  as  to  convince  us  they  had  long  been  occupied 
but  not  during  any  very  recent  period.  In  the  generality  of  cases  they 
were  on  small  benches  or  in  shallow  caves  situated  near  the  bed  of  the 
stream,  but  the  farther  up  stream  we  went  the  higher  they  were  built 
m  the  bluffs.  In  one  instance  a  bluff  several  hundred  feet  in  height  con- 
tains half  a  dozen  small  houses  sandwiched  in  its  various  strata,  (he 
highest  being  150  feet  above  the  valley.  Each  consists  of  but  one  room, 
and  one  of  them  is  a  perfect  specimen  of  adobe-plastered  masonry,  hardly 
A  crack  appearing  upon  its  smoothly-stuccoed  surface^  A  short  distance 
above  the  entrance  to  the  cailon  a  square  tower  has  been  built  upon  a 
commanding  point  of  the  mesa  (Plate  LI),  and  in  a  position  perfectly  in- 
accessible so  far  as  any  means  at  our  command  were  concerned.  The 
stones  of  which  it  is  composed  are  of  a  very  nearly  uniform  size,  more 
so  than  in  any  of  the  buildings  we  have  seen  west  of  the  Hovenweep. 

Upon  the  opposite  side  of  the  main  Epsom  Creek  Valley,  and  on  top 
of  the  high  bluffs  of  sandstone  which  border  it  for  nearly  its  whole 
length,  we  found  some  cave-houses  in  a  most  singularly  outof the-way 
place — ^in  the  very  last  place  in  the  world  where  one  would  ex|>ect  to 
tiud  them.  Scaling  the  bluff  at  the  very  imminent  risk  of  our  necks,  we 
came  suddenly  upon  a  broad  open  cave,  near  the  top,  containing  the 
usual  style  of  stone-built  and  mud  plastered  houses,  divided  into  four 
or  five  apartments,  of  just  the  size  and  number  that  would  be  required 
by  an  ordinary  family  of  eight  or  ten  persons.  On  top  of  the  bluff  we 
found  the  remains  of  a  very  old  circular  tower  40  feet  in  diameter,  the 
stones  all  crumbled,  rounded,  and  moss  covered.  Near  by  were  remains 
of  two  other  cave- habitations. 

•  Report  of  Lient.  J.  H.  Simpson  of  an  Expedition  in  the  Navajo  Country.    Ex.  Doc. 
Ko.  64, 3lBt  Cougrew,  1st  session. 
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A  few  miles  farther  ap  tbe  Epsom  Valley,  passing  a  number  of  old 
riiiDS  hardly  worthy  of  mention,  we  came  upon  an  important  group,  that 
was  evidently  the  centre  of  the  surrounding  population — a  place  of  wor- 
ship or  of  general  congregation — an  aboriginal  shire-town. 

It  lay  ui>on  both  sides  of  a  small,  dry  ravine,  some  20  or  30  rods  back 
from  the  bed  o^'  the  creek,  and  consisted  of  a  main  rectangular  mass,  60 
by  100  feet  square,  occupying  quite  an  elevation,  dominating  all  the 
others.  Just  below  it,  and  close  upon  the  edge  of  the  ravine,  was  a 
round  tower  25  feet  in  diameter ;  and  75  feet  below  that,  and  also  close 
to  the  ravine,  was  a  square  building  20  feet  across,  nearly  obscured  by 
a  thicket  of  pifion-trees  grawing  about  it.  On  the  opposite  bank  were 
two  small  round  towers,  each  15  feet  in  diameter,  with  two  oblong  stract- 
nres  between,  12  by  15  feet.  At  right  angles  to  these  four,  which  were 
arranged  in  a  straight  line,  another  square  building  occurred,  the  same 
size  as  the  one  just  opposite  on  the  other  bank.  Portions  of  the  walls 
of  the  towers  and  a  few  courses  of  stone  in  the  walls  of  the  smaller 
square  buildings  remained,  but  in  the  large  ruiu  the  walls  were  merely 
indicated  by  great  mounds  of  crumbling  rock,  with,  however,  tbe  sob- 
divisions  distinctly  marked  into  four  rectangular  apartments.  A  short 
distance  above  plenty  of  water  was  found  in  the  bed  of  the  creek ;  fine, 
large  cottonwoods  bordered  the  stream,  and  the  broad,  fertile  vallej 
seemed  a  far  more  desirable  place  of  residence  than  the  forbidding  des- 
olation of  the  Ohelly. 

About  thirty  miles  from  the  San  Juan  we  left  Epsom  Greek,  and 
stopped  for  a  night  at  the  head  of  the  caHons  wiiich  run  between  it  and 
the  Montezuma.  We  were  in  the  midst  of  quite  a  thickly-settled,  an- 
cient population,  the  ruins  of  their  habitations  consisting  almost  entirely 
of  the  kind  just  described — ^low,  rectangular  mounds,  the  original  strac^ 
ures  so  completely  destroyed  as  not  to  leave  one  stone  upon  another, 
yet  accompanied  always  by  an  abundance  of  the  same  kind  of  pottery 
we  have  found  so  universally  distributed  over  other  localities.  Not  the 
slightest  difference  can  be  detected  in  its  general  quality,  nor  can  any 
one  style  of  manufacture  or  ornamentation  be  said  to  be  peculiar  to 
any  one  district  or  group  of  ancient  habitations.  It  is  the  same  with 
arrow-points  an^  like  work.  The  similarity  of  the  workmanship  ezhih- 
ited  in  the  cliff-houses,  and  also  in  the  more  extensive  structures  of  the 
lowlands,  although  covering  in  all  probability  two  different  periods  of 
their  existence,  convinces  us  that  the  builders  were  all  one  and  the  same 
people,  scattered  in  families  and  communities  throughout  tbe  valleys 
and  cailons. 

After  leaving  this  last  group  of  ruins,  all  traces  of  them  suddenly 
ceased,  and  in  the  four  or  five  days  spent  in  the  examination  of  the 
country  upon  the  southern,  eastern,  and  northern  flanks  of  the  Sierra 
Abajo,  not  a  single  vestige  was  found ;  and  this  in,  without  excepti<Hi, 
the  most  pleasant  spot  we  have  touched  since  leaving  La  Plata.  Clear 
and  cold  mountain-streams  ripple  down  through  ravines  overhung  by 
groves  of  willow,  maple,  and  quaking-aspen,  with  splendid  oaks  and 
stately  pines  scattered  over  the  uplands,  and  an  abundance  of  rich,  nu- 
tritious grass  everywhere,  that  our  poor,  half-starved  animals  knew  well 
how  to  appreciate.  The  black-tail  deer  and  grouse  were  in  goodly  num- 
bers, starting  up  ft'om  under  our  very  noses,  and  leading  oar  hunters 
many  a  long  chase. 

Leaving  half  of  our  little  party  of  six,  and  all  the  animals  bnt  those 
we  rode  and  the  trusty  Mex.  with  the  apparatus,  we  made  our  way 
down  through  the  deep  and  narrow  canons  that  lead  from  the  plateaa 
country  into  the  great  basin  that  lies  between  the  Sierra  Abajo  and  the 
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Sierra  La  Sal,  and  spent  two  days  iu  the  examiDation  of  its  arid  surface, 
Tvhich  is  covered  with  moaumental  rocks  and  ridges,  bat  without  com- 
iDg  across  so  much  as  a  piece  of  pottery  or  an  arrow-poiut. 

RUINS  OF  MONTEZUMA  CAlJON. 

Turuing  our  backs  upon  the  Abajo  Peaks,  we  struck  out  northeasterly 
over  the  plateau,  but  soon  finding  a  trail  bearing  southeast,  followed  it 
until  we  saw  that  it  was  likely  to  continue  some  time  upon  the  plateau, 
when  we  branched  off  to  the  left,  and  in  a  sh^rt  distance  came  upon  the 
very  brink  of  the  deep  caiLon  of  the  Montezuma,  one  of  the  far  reaching 
arms  of  the  main  wash  and  valley  farther  east.  Winding  our  way 
among  rocks  and  scrubby  piuons,  we  almost  literally  tumbled  down  the 
precipitous  descent  of  1,500  feet,  to  a  narrow  bottom,  walled  in  first  by 
a  broad  belt  of  massive  white  sandstone,  rising  almost  perpendicularly 
from  20  to  50  feet  above  the  valley;  above  that  the  dark  red  and  shaly 
sand-rocks  rose  up  in  receding  benches  1,000  feet  to  a  broad  tablet  of 
white  sandstone  on  top,  so  high  up  that  it  seemed  to  shut  out  all  the  world 
and  to  leave  us  as  engulfed  in  the  bosom  of  the  earth.  A  narrow  but 
deep  ''wash''  meandered  from  side  to  side,  containing  just  a  few  scat- 
tered pools  of  stagnant  water,  while  dense  thickets  of  oak  brush,  thickly 
interwoven  with  vines,  rendered  progress  anything  but  pleasant. 

We  had  gone  but  a  few  rods  before  we  commenced  picking  up  pieces 
of  pottery  and  meeting  other  evidences  of  former  occupation.  Within 
three  miles  a  cave-shelter  appeared,  and  then  as  the  valley  widened  it 
was  dotted  in  many  places  with  mounds  thickly  strewn  over  with  the 
ever-accompanying  ceramic  handiwork  of  the  ancient  people  in  whose 
footsteps  we  are  following,  which  occurred  so  frequently  and  to  such  ex- 
tent as  to  excite  astonishment  at  the  numbers  this  narrow  valley  must 
have  supported.  The  line  is  so  sharply  drawn  that  in  an  hour's  ride  all 
traces  of  any  ruins  are  lost;  and  there  is  not  so  much  as  a  piece  of  pot- 
tery to  show  that  these  people  had  ever  extended  their  residence  be- 
yond the  limits  of  their  canon. 

Soon  other  cave-dwellings  appear,  most  of  them  little  walled-up  circu- 
lar orifices  in  the  rock,  generally  inaccessible,  but  many  were  approached 
by  steps,  or  rather  small  holes  cut  in  in  such  a  manner  as  to  enable  the 
climber  to  ascend  the  rock  as  by  a  ladder.  Two  examples  of  these 
kinds  of  ruins  were  noted,  each  about  40  feet  above  the  valley,  the  first 
perfectly  inaccessible  and  without  the  least  sign  of  the  original  method 
of  reaching  it;  in  the  other  one  the  walls  once  closing  it  have  been 
pushed  down  so  that  only  traces  of  them  remain;  the  steps  leading  up, 
however,  show  it  to  have  been  considerably  used ;  they  are  now  so  worn 
down  by  the  disintegrating  influences  of  time  as  to  no  longer  answer 
their  purpose. 

Throughout  this  canon  we  find  frequent  examples  of  footholds  cut  in 
the  rock,  in  the  generality  of  cases  being  simply  a  way  of  scaling  the 
smooth,  nearly  perpendicular  wall  of  sandstone,  which  hems  in  the  cailon 
on  both  sides  for  12  or  15  miles;  probably  a  ready  mode  of  escape  up 
the  bluff  should  enemies  appear. 

The  cliff  and  cave  dwellings,  very  small  habitations,  appear  to  occur 
in  groups,  not  always  in  connection  with  the  old  valley  ruins,  but  rather 
alt^nate  in  succession  as  we  progress  down  the  caQon. 

In  one  of  the  cave-dwellings,  perfectly  black  with  long-continued 
smokes  inside,  and  bearing  other  marks  of  long  use,  we  found  the  com- 
plete skeleton  of  a  human  being ;  the  remains,  as  afterward  determined, 
of  a  young  man  somewhat  under  a  medium  size.  The  excrement  of 
small  animals,  dust,  and  other  rubbish  filled  the  floor  of  the  little  house 
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a  foot  deep,  nearly  burying  the  scattered  bones;  with  them  were  tbe 
shreds  of  a  woolen  blanket,  woven  in  long  stripes  of  black  and  white, 
jast  sach  as  the  Kavajos  and  Moqais  make  at  the  present  time.  It  is 
likely  that  the  remains  are  those  of  a  ^avcyo,  a  people  who  occupied  all 
this  country  np  to  within  a  short  time,  within  the  remembrance  of  tbe 
older  persons,  and  who  were  driven  beyond  the  San  Juan  by  the  on- 
slaughts of  the  aggressive  Utes. 

After  travelling  about  20  miles  from  our  starting-point  at  the  foot  of 
the  mountains,  half  of  the  way  in  the  caiion,  we  camped  at  the  inter- 
section of  a  large  caiion  coming  in  from  the  west,  traversed  by  a  large, 
well-travelled  Indian  trail,  that  continued  on  down,  probably  the  same 
one  we  had  crossed  earlier  in  the  day.  At  this  point  the  bottoms 
widened  out  to  200  to  300  yards  in  width,  and  are  literally  covered  with 
ruins,  evidently  those  of  an  extensive  settlement  or  community,  altboagii 
at  the  present  time  water  was  so  scarce — there  not  being  a  drop  within  a 
radius  of  six  miles— that  we  were  compelled  to  make  a  dry  camp.  Tbe 
ruins  consist  entirely  of  great  solid  mounds  of  rocky  dibriSy  piled  np  in  rec- 
tangular masses,  covered  with  earth  and  a  brush-growth,  bearing  every 
indication  of  extreme  age ;  just  how  old  is  about  as  impossible  to  tell  as 
to  say  how  old  the  rocks  of  this  caiion  are.  This  group  is  a  mile  in 
length,  in  the  middle  of  the  valley-space,  and  upon  both  sides  of  the  vasL 
Each  sieparate  building  would  cover  a  space,  generally,  of  100  feet  square; 
they  are  seldom  subdivided  into  more  than  two  or  four  apartments. 
Belies  were  abundant,  broken  pottery  and  arrow-points  being  especially  ' 
plenty,  and  of  excellent  quality.  At  one  place,  where  the  wash  had  par- 
tially undermined  tbe*  foundations  of  one  of  the  large  buildings,  it  ex- 
posed a  wall  of  regularly-laid  masonry  extending  down  6  feet  toeath 
the  superincumbent  debris  to  the  old  floor-level,  covered  with  ashes  and 
the  remains  of  half-charred  sticks  of  juniper.  From  this  rubbish  a  fine 
example  of  a  stone  axe,  about  the  size  of  one's  hand,  was  found,  with  a 
smooth  and  sharp  cutting  edge,  formed  by  grinding  it  down  to  an  acnte 
angle ;  its  head  was  roughly  chipped  to  the  required  shape  for  binding 
on  a  handle.  At  another  point  a  small  earthen  bowl,  of  the  superior 
ware  characteristic  of  the  people,  was  found  entire.  No  special  burial- 
places  were  observed,  but  a  number  of  bones  of  the  lower  extremities  were 
unearthed  at  the  edge  of  the  wash,  without  any  stone- work  above  them. 
There  were  no  cave- dwellings  in  the  neighborhood  of  this  group,  bat 
two  or  three  miles  below  several  occured,  one  of  which  is  built  in  a  huge 
niche  in  the  solid  wall  of  the  caiion,  with  its  floor  lt?vel  with  the  valley. 

From  the  last  camp  the  cafion  expanded  into  occasional  valleys  from 
500  to  800  yards  across,  and  then  contracted  to  a  mere  narrow  passage, 
but  etill  all  shut  in  by  the  high  escarpment  of  the  mesa.  From  either 
side  long  narrow  tongues  or  promontories  extend  out  100  yards,  and 
from  20  to  100  feet  high,  sometimes  connected  with  the  main  wall  by  a 
mere  comb  or  wall  of  rock,  its  extremity,  however,  spreading  out  to  an 
irregularly  oval  shape.  In  the  valleys  are  occasional  isolated  mesas, 
the  reninants,  probably,  of  former  promontories,  left  here  by  the  great 
erosive  powers  which  channelled  out  these  caiions.  Within  a  distance 
of  15  miles  there  are  some  sixteen  or  eighteen  of  these  promontories  and 
isolated  mesas,  of  different  height,  every  one  of  them  covered  with  rains 
of  old  and  massive  stone-built  structures.  They  will  average  in  8i» 
from  100  by  200  feet  square  down  to  30  by'50  feet,  always  in  a  solid  blocki 
and,  with  one  exception,  so  nearly  similar  that  a  description  of  one  will 
fairly  represent  all.  This  exceptional  instance  is  explained  in  the  sketch 
(Plate  LII),  and  the  groundplan  (Fig.  1,  Plate  XL VIII).  The  peculi- 
arity here  consists  principally  in  the  size  and  shape  of  the  stones  em- 
ployed, as  well  as  in  the  design  of  its  ground-plan.    The  ruin  occupies 
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one  of  the  small,  isolated  mesas,  whose  floor  is  composed  of  a  distinctly 
laminated  sandstone,  breaking  into  regular  slabs  from  18  to  24  inches 
in  thickness ;  these  have  been  broken  again  into  long  blocks,  and  then 
placed  in  the  wall  uprigbty  the  largest  standing  five  feet  above  the  soil 
in  which  they  are  planted.  The  sketch  in  Plate  LII  is  a  view  along  the 
line  a  a  a^  looking  toward  the  round  tower.  Very  nearly  the  entire 
length  of  this  wall  is  made  up  of  the  large  upright  blocks  of  even  thick- 
ness, fitting  close  together,  with  only  occasional  spaces  filled  up  with 
smaller  rocks.  In  one  place  the  long  blocks  have  been  pushed  outward 
by  the  weight  of  the  dihris  back  of  it.  One  side  of  the  large  square 
apartment  in  the  rear  is  made  of  the  same  kind  of  rocks,  standing  in  a 
solid  row.  The  walls  throughout  the  rest  of  the  building  are  composed 
of  ordinary-sized  rocks,  with  an  occasional  large  upright  one.  Judging 
from  the  debris^  the  walls  could  not  have  been  more  than  8  or  10  feet  in 
height.  The  foundation-line  was  well  preserved,  enabling  us  to  meas- 
ure accurately  its  dimensions.  The  large  square  room  was  depressed  in 
the  centre,  and  its  three  outside  walls  contained  less  material  than  in 
the  rest  of  the  building.  No  sign  of  any  aperture,  either  of  window  or 
door,  could  be  detected. 

The  far  more  numerous  class  of  ruins  occupying  like  mesas  and  the 
promontory  points  consist  of  a  solid  mass  of  small  rectangular  rooms, 
arranged  without  any  appearance  of  order,  conforming  to  the  irregular- 
ities of  the  surface  upon  which  they  are  built,  and  covering,  usually,  all 
of  the  available  space  chosen  for  their  site.  All  are  extrenoiely  old^ 
tumbled  into  indefinite  ridges  5  or  6  feet  high,  and  as  broad,  with  the 
stones  partially  crumbled  into  sand,  and  all  covered  with  sage-brush, 
greasewood  and  junipers.  They  occupy  every  commanding  and  avail- 
able spur  of  the  mesas,  usually  so  placed  in  the  bends  as  to  afford  a  clear 
lookout  for  considerable  distances  up  and  down  the  cailon.  They  resem- 
ble in  this  respect  the  sites  chosen  by  the  Moquis  in  building  their 
villages ;  but  we  are  not  able  to  trace  the  resemblance  further,  from  the 
extremely  aged  and  ruinous  state  in  which  these  remains  are  found. 
Between  these  fortresses  and  on  the  level  bottom-lauds,  generally  close 
up  to  the  blufif  upon  either  side,  are  occasional  smaller  ruins,  resembling 
those  at  the  dry  camp.  In  connection  with  these  a  peculiar  feature  is 
shown  in  Plate  LIII.  At  the  foot  of  one  of  the  promontory  towns 
a  low  bench,  tongue-shaped,  and  only  about  10  feet  above  the  valley, 
runs  out  from  the  mesa  200  feet  in  length  and  half  as  broad,  through 
the  centre  of  which  runs  a  wall  its  entire  length;  a  portion  of  it  is  com- 
posed of  the  large  upright  rocks  shown  in  the  sketch,  the  largest  stand- 
ing 7  feet  above  the  surface  and  evidently  extending  some  distance  be- 
low, in  order  to  be  retained  so  firmly  in  their  places.  There  are  only 
seven  of  these  standing,  placed  about  5  feet  apart,  the  rest  of  the  wall- 
line  being  composed  of  a  low  ridge  of  loose  rock  extending  up  to  a  mass 
of  old  ruins  at  the  foot  of  the  bluff.  On6  side  of  the  space  divided  by 
this  wall  is  filled  with  a  great  pile  of  rocks  arranged  in  irregular  lines 
inclosing  areas  from  20  to  50  feet  in  diameter,  the  whole  indicating  a 
very  considerable  structure. 

Grouped  among  the  lower  end  of  these  towns  were  a  number  of  the 
small  cliff-houses ;  a  regular  colony  of  them  occurring  at  the  first  bend 
of  the  West  Montezuma,  about  a  dozen  miles  above  its  junction  with 
the  east  fork.  An  exceedingly  well-preserved  and  peculiar  one  was 
noted.  A  block  of  sandstone  setting  on  the  edge  of  a  mesa  bench  50 
feet  above  the  valley  has  a  deep  oval  hole  worn  in  it,  probably  by  natural 
'agencies,  which  is  nearly  entirely  occupied  by  a  very  neatly-built  little 
house  10  feet  long,  6  high,  and  5  deep.  A  space  at  one  end  is  reserved 
JQSt  large  enough  to  serve  as  a  platform  from  which  to  enter. 
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RUINS  OF  THE  CHACO  CASTON,  EXAMINED  IN  1877. 

INTRODUCTION. 

.  The  great  ruius  in  tli^  Giiaco  Cauon,  in  Northern  New  Mexico,  are  pre.- 
eminently  the  finest  examples  of  the  numerous  and-  extensive  remains 
of  the  works  of  unknown  builders  to  be  found  north  of  the  seat  of  the 
ancient  Aztec  Empire  in  Mexico,  and  of  which  there  is  comparatively 
but  little  known  even  to  this  day.  The  first  published  account  which 
ever  appeared  in  regard  to  them  is  a  short  reference  to  the  Pueblo  Bonito 
by  Gregg  in  1844.*  His  observations  covered  a  period  of  eight  years 
previous  to  1840.  In  1849  a  military  expedition  under  the  command  of 
Colonel  Washington,  then  military  governor  of  New  Mexico,  was  sent 
against  the  Navajos,  who  were  troublesome  at  that  time,  and  their  line 
of  march  traversed  a  portion  of  the  caiion.  The  report  of  Lieutenant 
Simpson,!  of  the  United  States  Topographical  Engineers,  who  accompa- 
nied the  expedition,  contained  the  first  detailed  and  authentic  account 
ever  published  of  thejse  wonderful  ruins,  and  it  has  been  up  to  this  time 
the  only  source  of  information. 

Prof.  O.  Loew  visited  the  Pueblo  Pintado  in  1874,  and  a  short  descrip- 
tion of  it  by  him  appears  in  the  annual  report  of  the  Ohief  of  Engineers 
for  1875  :t 

My  visit  to  the  canon  of  the  Ghaco  in  the  spring  of  1877  (May  7-15) 
was  made  with  no  idea  of  discovering  anything  new,  but  to  see  for  my- 
self and  thus  be  able  to  compare  more  satisfactorily  the  highest  develop- 
mert  of  ancient  architectural  skill  as  exhibited  in  these  ruins  with  the 
extgisive  remains  in  the  San  Juan  basin,  and  also  with  the  pueblos  of 
New  Mexico  and  Arizona  which  are  still  occupied.  The  results  of  the 
labor  of  four  or  five  days  spent  in  the  examination  of  the  eleven  ruined 
pueblos  that  I  saw  are  mainly  condensed  in  the  accompanying  plates, 
and  they  will  need  but  little  explanatory  text. 

It  was  myintention  to  have  reached  the  ruins  from  old  Fort  Defiance 
via  the  Ganon  de  Chelly  and  Washington  Pass  over  the  Tunecha  Mount- 
ains, but  I  experienced  so  much  trouble  in  securing  the  animals  and 

•  Commerce  of  the  Prairies,    J.  Gregg.    New  York,  1844 : 

"  Of  Booh  character  are  the  rains  of  the  Pueblo  BonitOy  in  the  direction  of  Navajo, 
00  the  borders  of  the  CordiUeraa,  the  houses  being  generally  built  of  slabs  of  fine-grit 
sandstone,  a  material  utterly  unknown  in  the  present  architecture  of  the  north. 

Although  some  of  these  structures  are  very  massive  and  spacious,  they  are  generally 
cut  np  into  small,  irregular  rooms,  many  of  which  yet  remain  entire,  being  still  covered 
▼ith  the  viffoSy  or  Joists,  remaining  nearly  sound  under  the  asfoteaa  of  earthy  and  yet 
their  age  is  such  that  there  is  no  tradition  which  gives  any  account  of  their  origin.'' 
(Vol.  iTp.  284.) 

t  Report  Secretary  of  War,  31st  Congress,  1st  session.  Senate  Ex.  Doc.  No.  64. 

t  Rtport  on  the  Ruins  of  New  Mexico,    By  Dr.  Oscar  Loew,  p.  184. 

Professor  Loew  calls  this  the  Pueblo  Bonito.  The  account  by  Gregg,  Just  quoted, 
evidently  refers  to  the  same  ruin,  as  it  is  the  first  one  approached  from  the  east,  and  is 
some  distance  from  the  others,  of  which  he  probably  knew  nothing. 
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assistaDce  necessary  to  the  undertaking,  that  I  deferred  my  visit  until 
after  my  trip  to  the  Moqni  Paeblos  in  Arizona.  It  is  somwhat  singo- 
lar  that  so  interesting  a  region  should  be  so  little  known,  for  bat  few  of 
the  persons  residing  about  Defiance  and  Wingate  hare  ever  been  to  the 
spot  or  appear  to  know  anything  more  than  the  fact  of  the  existence 
of  the  ruins.  Many  of  the  Indians  who  reside  near  Defiance  are  familiar 
with  the  locality,  but  dread  to  visit  it  at  this  time  of  the  year  on  account 
of  the  well-known  dearth  of  water  and  of  grass  necessary  to  sustain 
their  animals.  Upon  my  return  the  same  difficulty  was  met  with  again, 
bjat  hearing  of  parties  at  San  Ysidro  that  might  assist  me,  I  journeyed 
thither,  and  soon  made  an  engagement  with  a  Mr.  Beaumont.  He  was 
not  acquainted  with  the  country  beyond  the  Puerco,  but,  what  served 
my  purpose  better,  was  a  good  interpreter.  In  the  Pueblo  of  Jemez, 
three  miles  above  San  Ysidro,  we  found  Hosta,  the  old  ex-governor  of 
Jeme2,  and  the  same  brave-looking  warrior  whose  portrait  appears  in 
Simpson^s  Journal.  He  accompanied  that  expedition  as  a  guide,  and 
was  then  spoken  of  as  a  fine  looking  and  most  intelligent  Indian,  whose 
vivacity  and  off-hand  graciousness  made  him  a  great  favorite.  If  his 
estimate  of  his  present  age  is  correct,  he  must  have  been  upward  of 
fifty  years  of  age  at  that  time,  as  he  now  shows  every  indication  of  bear- 
ing the  four  score  or  more  years  that  he  claims.  His  small  frame  is  bent 
by  disease  and  age,  and  his  dim  watery  eyes  look  out  through  thin  locks 
of  straggling  gray  hair  that  but  scantily  cover  his  head.  He  declared 
himself,  however,  to  be  as  good  a  man  as  any  of  us,  and  was  at  once 
ready  to  undertake  the  office  of  guide,  stipulating  only  that  his  grand- 
son, a  lad  of  twelve  or  fifteen  years,  should  accompany  him,  merely  for 
the  use  of  his  eyes,  as  his  own  were  failing  and  he  feared  he  should  not 
be  able  to  recognize  distant  landmarks. 

The  tradei-'s  store  at  Jemez  furnished  us  the  only  means  of  outfitting 
short  of  Santa  F6  or  Fort  Wingate,  but  we  did  not  need  much,  and  all 
our  supplies  were  packed  upon  one  mule,  the  three  besides  myself  who 
constituted  the  party  riding  the  same  useful  animals. 

Starting  out  early  on  the  morning  of  May  7,  our  first  day's  joamey 
brought  us  to  the  bridge  over  the  Puerco,  near  the  Oerro  Oabezou.  Late 
rains  had  filled  its  usually  dry  bed  with  such  a  flow  of  water  that  we 
judged  it  unwise  to  attempt  any  ford,  and  we  knew  of  no  bridge  above 
this  one,  otherwise  it  would  have  been  a  much  more  direct  course  to 
have  followed  approximately  the  trail  as  laid  down  on  Simpson's  map. 
From  the  bridge  we  first  journeyed  northward  four  or  five  miles,  then, 
entering  a  narrow  canon,  bore  off  northwesterly,  and,  after  crossing  a 
low  divide,  came  in  about  four  miles  more  to  the  Canada  del  Lumbre,  in 
the  bed  of  which  we  found  a  few  pools  of  water.  Crossing  another  low 
divide  an  hour's  ride  brought  us  to  the  valley  of  the  Torrejon.  There  is 
some  good  land  here,  which  has  been  utilized,  as  long  as  Hosta  can  re- 
member, by  the  Navajos,  for  planting  corn.  Occasional  cottonwoods 
line  the  banks  of  the  dry  arroyo,  and  impart  a  little  freshness  to  an 
otherwise  desolate  monotony.  Two  miles  above  where  we  came  into 
the  valley,  are  a  number  of  large  water-pockets,  the  work  of  the  agricul- 
turists, who  are  now  just  beginning  to  break  the  soiL  Four  or  five  miles 
beyond  this  point  the  valley  narrows  to  a  canon  and  the  dry  arroyo  in- 
creases  in  depth  so  that  it  is  difficult  to  cross.  In  this  we  were  finally 
compelled  to  make  our  camp,  as  it  afforded  the  only  grass  for  our  ani- 
mals, an  accidental  pool  furnishing  the  necessary  water. 

After  an  hour's  ride  on  the  following  day  we  left  the  Torrejon  to  our 
right,  where  a  broad  open  valley  opened  out  to  the  north,  and  kept  on 
in  our  almost  duo  northwest  course,  rising  almost  imperceptibly  over  a 
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comparatiTely  level  coootry  to  the  Continental  divide.  On  oar  right 
baud  were  several  prominent  mesas  and  some  small  conical  buttes,  oth- 
erwise the  near  landscape  presented  no  marked  features.  In  the  ex- 
treme distance,  however,  the  Gerro  Gabezon,  the  San  Mateo,  and  the 
Jemez  Mountains  were  almost  constantly  in  fall  view.  The  transition 
from  the  drainage  of  the  Bio  Grande  to  that  of  the  Eio  Colorado  is  so 
nearly  imperceptible,  that  we  conld  not  tell  within  several  miles  where 
the  troe  divide  lay.  Everything  about  us  indicated  that  we  were  trav- 
elling upon  the  summit  of  a  high  i^lateaa,  in  which  the  canons  of  the 
Chaco,  Torrejon,  and  Largo  have  their  origin  in  scarcely  perceptible  fur- 
rows. From  the  point  where  we  left  the  Torrejon  to  where  the  Chaco 
feirly  commenced  is  about  12  miles.  There  is  here  a  broad  valley,  with 
every  appearance  of  having  been  covered  with  standing  water  which  had 
evaporated  and  left  the  surface  covered  with  a  thin  layer  of  whitish 
clay,  which  has  cracked  and  curled  up  into  a  thousand  fantastic  forms 
under  the  intense  beat  of  the  sun.  Looking  across  its  desolate  waste  a 
mirage  danced  constantly  on  the  horizon,  magnifying  the  insignificant 
sage  bushes  and  the  low,  rolling  hills  into  great  oaks  and  distant  mount- 
ains. After  passing  this  plain  the  low  hills  upon  either  side  converge 
in  such  a  manner  as  to  leave  but  a  narrow  passage  between  them,  and 
here  the  bed  of  this  arm  of  the  Chaco  first  takes  definite  shape.  From 
the  summit  of  the  hill  on  the  right  the  first  of  the  great  ruins  may  be  easily 
discerned  with  the  naked  eye  some  six  or  seven  miles  away.  A  short  dis- 
tance farther  and  we  found  some  water-pockets  formed  by  an  obstruction 
in  the  bed  of  the  arroyo.  A  few  families  of  Navajos,  with  large  numbers 
of  sheep  and  some  horses,  were  camped  near  by.  The  previous  season 
they  had  planted  considerable  ground  in  corn,  drawing  off  by  acequias 
the  water  which  oocasioually  finds  its  way  into  the  arroyo,  and  flooding 
the  loose,  porous  soil  a<\jflcent  to  it.  By  a  little  prudent  forethought  in 
storing  water  at  the  right  time,  they  are  eniabled  to  reclaim  what  would 
otherwise  be  an  unprofitable  waste.  While  yet  four  or  five  miles  away 
the  ruins  loom  up  jmyminently,  resembling  at  this  distance  a  ledge  <Kf 
dark-brown  sandstone,  and  it  is  only  when  within  less  than  a  mile  that 
we  recognize  its  true  character.  We  were  fortunate  chough  to  find  a 
pool  of  shallow  water  and  some  good  grass  near  the  ruin.  The  arroyo 
itself,  which  is  here  some  10  or  12  feet  deep,  was  perfectly  dry,  the  iittle 
depressions  in  the  grassy  soil  of  the  level  valley  retaining  water  much 
longer  than  the  bed  of  the  streams. 

THB  PlfEBLO  PINTADO. 

The  ruins  of  the  Pueblo  Pintado*  occupy  a  bendi  of  some  25  or  30  feet 
elevation  above  the  valley  where  we  are  camped,  and  this  bench  runs 
back  into  rolling  hills  and  mesas  covered  with  juniper  and  pinon  trees. 
On  the  side  of  the  blufif  facing  the  valley  is  an  outcrop  of  a  yellowish- 
gray  sandstone,  showing  in  some  places  a  seam  of  from  12  to  18  inches 
in  thickness,  where  the  rock  breaks  into  thin  slate-like  layers.  It  was 
from  this  stratum  tbat  most  of  the  material  in  the  walls  was  obtained. 


i«m> 


*  This  is  the  one  ludoabtedly  referred  to  by  Qreffg  aa  the  Paeblo  Bonito.  Professor 
Loew  refers  to  it  nnder  the  same  name.  I  have,  nowever,  adopted  throagboat  the 
Dames  ffiTen  by  Simpson.  He  thas  refers  to  this  one.  It  is ''  called,  aoeordieg  to  some 
of  tbe  Paoblo  lodUns  witk  ns,  Fu^lo  ite  MonUgmmt,  and  aocordhig  to  the  Mexicans. 
FmOh  Cekr^Mh.  Host*  calls  it  Pueble  de  lUO^neB ;  SaadovAly  the  firiMadly  Navi^  chief 
with  Qs,  JPuebh  Grande ;  and  Carravabal,  o«r  Mextoaa  galde,  who  pfobably  knows 
more  about  it  than  moj  one  else,  Putiblo  Pintado."  It  will  readily  be  inferred  mm  the 
abore  thftt  nofne  of  these  names  give  any  indioation  whatever  of  those  in  nse  daring 
the  occQpancy  of  tbe  pneblos. 
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Referring  to  the-  groand  plan  (Plate  LY),  which  is  the  resalt  of  carefol 
measaiementfl  earned  mainly  over  the  floor  of  the  second  story,  it  will 
be  seen  that  the  principal  portion  consists  of  an  L  shaped  bailding,  the 
two  wings  of  which,  fietcing  sonth  and  east  within  20  degrees,  measore 
npon  their  exterior  surfaces  238  and  174  feet.  The  extremities  of  these 
wings  are  connected  by  a  wall  or  row  of  small  houses  springing  in  an 
arch  from  one  to.  the  other.  Many  of  the  small  apartments  in  this  row 
have  their  walls  so  well  preserved  that  they  can  be  readily  measnred. 

Almost  the  entire  area  of  the  conrt  thns  enclosed,  approximatdy  200 
feet  by  160  feet,  presents  a  very  irregular  and  broken  surface,  as  thoogli 
it  had  been  nearly  all  occupied  by  underground  apartments,  the  rooft 
of  which  foiling  in  produced  the  great  depressions  and  mounds  which 
now  exist  The  two  outer  walls,  which  are  now  standing  in  places  aboot 
30  feet  in  height,  indicate  an  original  elevation  of  at  least  40  feet,  oo* 
broken  by  any  apertures  excepting  the  smallest  kind  of  windows.  The 
northern  walls  presents  the  largest  unbroken  surface.  The  northvesi 
comer  and  the  western  wall  are  much  more  broken  down.  The  two 
interior  longitudinal  lines  of  wall  in  both  wings  are  intact  throaghoat 
most  of  their  length  to  the  top  of  the  second  and  third  stories,  while 
the  wall  facing  the  court  barely  extends  up  into  the  second  story,  h 
the  northwest  angle  of  the  conrt  are  t^o  circular  rooms  or  eatufas,*  the 
best-preserved  one  of  which  is  built  into  the  main  building  and  forms  a 
portion  of  it,  while  the  other  stands  outside,  but  in  juxtaposition,  and 
is  evidently  a  later  and  less  perfect  addition.  They  are  each  25  feet  in 
diameter.  The  inside  walls  are  perfectly  cylindrical,  and  in  the  case 
of  the  inner  one  are  in  good  preservation  for  a  height  of  about  5  feet 
The  bottom  is  filled  with  debris  which  must  be  of  nearly  the  same  depth. 
Two  counter-forts  or  pillars  of  masonry  of  the  same  character  as  the  ; 
rest  of  the  room  are  built  into  the  circular  wall,  bisecting  it  on  a  line  ; 
the  continuation  of  which  forms  the  inside  front  wall  of  the  north  wall 
They  are  22  inches  square,  and  extend  about  2  feet  above  the  present  ^ 
floor ',  there  are  no  indications  in  the  wall  that  they  had  ever  been  much  i 
higher.  The  outer  estufa  is  much  more  ruinous,  small  portions  onljof  ite 
inner  walls  renlaining  intact.  This  has  four  equidistant  counter-forts, 
but  they  are  placed  diagonally  with  the  square  which  encloses  the  circle 
instead  of  at  right  angles  to  it,  as  in  the  case  of  the  first  one.  Both 
rooms  are  enclosed  within  squares,  the  space  between  the  circular  rooms 
and  the  enclosing  squares  being  filled  in  with  solid  masonry.  The  one 
around  the  outer  estufa  is  entirely  ruined,  while  that  about  the  inner 
one  is  in  very  good  preservation.  There  are  no  side  apertures,  so  that 
light  and  access  was  probably  obtained  through  the  roof.  These  estufas^ 
which  figure  so  prominently  in  these  ruins,  and  in  fact  in  all  the  ancient 
ruins  extending  southward  from  the  basin  of  the  Kio  San  Juan,  are  so 
identical  in  their  structure,  position,  and  evident  uses  with  the  similar 
ones  in  the  pueblos  now  inhabited,  that  they  indisputably  connect  one 
with  the  other,  and  show  this  region  to  have  been  covered  at  one  tinoe 
with  a  numerous  population,  of  which  the  present  inhabitants  of  the 
pueblos  of  Moqui  and  of  New  Mexico  are  either  the  remnants  or  the 
descendants.  Among  the  modern  pueblos,  some  of  these  estu/M  are 
cither  round  or  square  subterranean  rooms  apart  from  their  dwellings; 
while  among  others  they  are  simply  large  rooms,  not  otherwise  distin- 
gniHhal)1o  from  the  living-rooms  in  the  main  body  of  the  building. 

"ICntu/a  U  a  Spanish  word,  the  literal  translation  of  which,  as  here  appliedi  is  a 
•woat-liiitiNo.  This  is  trae  in  bat  a  limited  sense.  They  are  more  properly  coancii* 
rootfiN,  to  which  the  men  retire  for  deliberation,  and  for  the  observances  of  their  pagao 
n^UnUm,  No  name4ias  been  coined  which  better.expresses  their  oharacter;  heftce  Um 
above  has  obtained  general  application. 
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Besides  the  two  estufas  within  the  coart,  there  is  another  jast  oatside 
%t  the  southwest  corner,  fully  50  feet  in  diameter,  enclosed  within  a  rec- 
bangle  measuring  56  by  80  feet.    Twenty-four  feet  of  one  end  of  this  is 
SlTided  into  six  or  seven  apartments.    These  are  exactly  opposite  the 
Bnd  of  the  west  wall,  with  a  passage-way  of  about  50  feet  between.    In 
the  centre  of  this  space  is  a  depression  and  other  indications  of  what 
was  probably  an  underground  room.    Besides  the  three  circular  rooms 
{ost  described,  which  were  not  in  reality  subterranean,  there  were 
nndoubtedly  many  others  within  the  court,  as  already  conjectured, 
which  were.    These  may  have  been  simply  underground  work-rooms. 
Among  the  Moquis  it  is  a  common  practice  for  both  men  and  women 
to  resort  to  the  underground  rooms  or  estvfas  to  work  at  their  looms 
or  other  similar  occupation,  as  they  are  delightfully  cool  during  the 
hot,   burning  days  of  summer,  and  warm  and  comfortable  in  the 
winter.    Beneath  the  ground  plan  in  Plate  LY  is  a  section  through  a 
restoration  of  the  pueblo  from  north  to  south,  showing  the  manner  in 
which  the  stories  were  probably  terraced  from  the  interior  of  the  court 
outward.    There  is  no  positive  evidence  in  any  of  these  ruins  that  they 
were  thus  built,  bat  this  arrangement  naturally  suggests  itself  as  being 
the  only  way  in  which  light  and  ease  of  access  to  the  inner  rooms  could 
be  readily  obtained.    It  is  also  quite  certain  from  the  character  of  the 
standing  walls  that  they  were  not  terraced  symmetrically,  but  irregularly, 
after  the  manner  of  the  present  pueblos.    There  is  every  reason  to  be- 
lieve that  the  first  story  was  in  every  case  reached  from  the  outside  by 
ladders,  the  succeeding  stories  being  also  approached  from  the  outside, 
either  by  ladders  or  by  stone  stairways,  after  the  manner  of  the  Moqui 
pueblos.    There  is  no  positive  evidence  to  sustain  any  conjecture  upon 
this  point,  as  in  every  ruin  the  up])er  stories  are  so  entirely  dismantled 
that  no  indications  of  any  sort  of  stairway  have  ever  been  found.    The 
ground  floor  was  divided  into  smaller  apartments  than  the  second 
floor,  many  of  the  rooms,  as  shown  in  the  plan,  being  in  the  lower  story 
divided  into  two  or  three.    It  would  be  impossible  to  say  how  high  this 
story  had  been,  as  the  floor  is  covered  to  a  considerable  extent  with 
stones  from  the  fallen  walls.    The  second  floor  was  J  0  feet  between  joists, 
and  the  third  somewhat  less,  about  7  feet,  as  near  as  we  could  judge 
from  below.    It  is  probable  that  there  was  a  fourth  story,  but  there  is 
now  very  little  evidence  of  it.    Not  a  vestige  of  the  vigas  or  other  floor- 
timbers  now  remain.    Some  of  the  lintels  over  the  doors  or  windows, 
composed  of  sticks  of  wood  from  1  to  2  inches  thickness,  laid  close 
together,  are  now  in  fair  preservation. 

Hosta  states  that  the  soldiers  of  Colonel  Washington's  command  and 
of  other  scouting  parties  caused  a  great  deal  of  the  present  ruin  by 
pulling  out  the  floor-timbers  for  their  camp-fires.  He  also  says  he  can 
distinctly  remember  when  there  were  a  number  of  perfect  rooms.  Every 
room  had  one  or  more  apertures,  in  the  form  of  small  window-like  door- 
ways, the  largest  of  which  are  24  by  40  inches,  leading  into  neighboring 
rooms.  The  sills  of  these  doors  are  generally  about  2  feet  above  the 
floor.  In  the  west  wall  are  several  large  windows  looking  outward  from 
the  second  story,  and  in  the  north  wall  very  small  ones  only  in  the 
second  and  third  stories.  There  were  a  few  very  small  apertures  in  the 
first  story,  mere  peep-holes.  The  walls  of  the  first  floor  are  28  to  30 
inches  thick,  those  of  each  ascending  story  being  a  little  less.  The 
masonry,  as  it  is  displayed  in  the  construction  of  the  walls,  is  the  most 
wonderful  feature  in  these  ancient  habitations,  and  is  in  striking  con- 
trast to  the  careless  and  rude  methods  shown  in  the  dwellings  of  the 
present  Pueblos.    Those  of  Moqui,  Taos,  and  probably  Acoma,  were  in 


436  REPORT   UNITED   STATES   GEOLOGICAL   SURVEY. 

no  better  coDdition  when  first  discovered  by  the  Spaniards,  nearly  three 
hundred  and  forty  years  ago,  than  they  are  now,  and  how  mach  older 
these  perfect  buildings  were  then  than  the  rnde  piles  of  adobe  aod 
uncut  stone  found  by  the  first  conquerors,  the  past  can  only  tell,  aod 
that  is  dead  and  buried.  The  material,  a  grayish-yellow  sandstoDe, 
breaking  readily  into  thin  laminsB,  was  quarried  from  the  adjacent  ex- 
posures of  that  rock.  In  the  ruin  it  has  weathered  to  a  warm  brown, 
80  that  at  a  distance  it  looks  almost  black.  The  stones  employed  aver- 
age about  the  size  of  an  ordinary  brick,  but  as  the  larger  pieces  were 
irregular  in  size,  the  interstices  were  filled  in  with  very  thin  plates  of 
sandstone,  or  rather  built  in  during  its  construction,  lor  by  no  other 
means  could  they  be  placed  with  such  regularity  and  oompactoess.  So 
closely  are  the  individual  pieces  fitted  to  each  other  that  at  a  little  dis- 
tance no  jointage  appears,  and  the  wall  bears  every  in<]ication  of  beiug  a 
plain  solid  surface.  A  clay  mortar  was  used  plentifully  within  thebt^v 
of  the  wall  but  does  not  appear  anywhere  upon  the  surface.  Great  paios 
were  taken  in  the  construction  of  the  door- ways,  the  stones  being  more 
regular  in  size  and  the  corners  dressed  down  to  perfect  right  angles; 
the  same  care  was  given  to  the  openings  in  the  lowest  floor  as  to  those 
in  the  upper.  In  the  northwest  corner  of  the  main  building,  back  of  Uie 
eatufas  and  on  the  second  floor,  a  door-way  has  been  constructed  leading 
diagonally  from  one  room  to  another,  which  displays  particularly  nice 
workmanship.  The  lintels  were  in  nearly  every  case  composed  of  small 
round  sticks  of  cedar  or  pine  placed  in  contact,  but  in  the  smaller  open- 
ings were  formed  by  a  single  slab  of  stone.  Although  there  is  a  great 
diversity  in  the  size  of  the  stones  employed,  still  they  are  ranged  m  per- 
fectly horizontal  layers,  rows  of  the  larger  stones  alternating  with  rows 
of  smaller  ones,  presenting  at  a  little  distance  a  beautifully  laminated 
appearance. 

In  regard  to  the  number  of  inhabitants,  I  do  not  think  there  were  more 
than  about  200.  There  are  51  rooms  on  the  second  floor,  exclusive  of 
the  estufas  and  outside  buildings.  The  lower  floor  was  composed  of  a 
larger  number  of  rooms,  and  the  third  floor  of  a  less  number,  so  that  ifi 
the  whole  building  there  are  i)robably  about  150  apartments.  Divide 
occupants  into  families  and  each  would  occupy  on  an  average  four  rooms, 
and  then  if  we  allow  five  persons  to  each  family  we  have  200  souls  io 
all,  as  estimated. 

ITpon  the  southeastern  front,  just  outside  of  the  court,  are  two  rubbish- 
heaps,  the  refuse  carried  out  and  there  deposited  by  the  ancient  ooca- 
pants.  Throughout  the  mass  are  large  numbers  of  fragments  of  painted 
pottery  and  flint-chippings,  but  nothing  of  any  greater  interest  was  foond 
in  the  limited  time  at  our  disposal.  The  trail  here  leaves  the  arroyo  of 
the  Ohaco  to  avoid  a  considerable  bend  which  it  makes  to  the  right  The 
surface  is  slightly  undulating,  and  in  the  neighborhood  of  the  trail,  both 
above  and  below  the  Pueblo,  is  covered  with  a  number  of  small  old  raios. 
I  counted  ten  such  within  a  mile  of  each  other.  They  are  built  of  stone, 
of  but  one  story,  and  varied  from  30  to  50  feet  in  exterior  dimensionSi 

Two  miles  from  the  ruin  we  descended  into  the  canon  of  the  Cbaco. 
It  is  here  only  about  50  feet  in  depth,  with  vertical  walla  of  yellowish- 
gray  sandstone.  The  dry  bed  of  the  arroyo  meandering  along  the  bot- 
tom, almost  entirely  cuts  off  communication  from  one  side  of  the  canoo 
with  the  other.  Numerous  small  cottonwoods  attest  that  there  is  moist- 
ure somewhere  in  the  neighborhood.  A  two  hours'  ride  brought  us  t4>  a 
few  water-pockets  or  reservoirs  in  the  bottom  of  the  aaroyo,  in  which 
was  a  plentiful  supply  of  thick,  pasty  water.  Some  families  of  IJavajoSy 
with  their  sheep  and  goats,  were  camped  near  by. 
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THE  PX7EBL0  WEJEGI. 

[Velve  miles  froDi  the  Paeblo  Pintado,  and  on  the  north  side  of  the 
ion,  are  the  next  important  mins,  although  we  had  parsed  several 
all  ones  on  the  way.  The  Paeblo  Weje-gi,  as  Simpson  calls  it,  is  sit- 
ted  close  under  the  bluff,  and  is  a  rectangular  stmcture  built  around 
«e  sides  of  an  o|)en  court  which  fkces  almost  due  south.  Its  exterior 
ftensions  are  224  by  120  feet.  The  walls  are  still  standing  to  con- 
erable  height  and  indicate  at  least  three  stories.  They  are  built  in 
ch  the  same  style  as  those  of  the  Paeblo  Pintado,  of  small  tabular 
c<»  of  sandstone  arranged  with  a  beautiful  effect  of  regularity  and 
Mi.  This  ruin  is  remarkable  for  the  perfect  symmetry  of  the  ar- 
isement  of  the  rooms  and  of  the  estufnsj  a  close  scrutiny  and  careful 
asurement  failing  to  detect  any  deviation.  The  rooms  are  small,  the 
(est  being  8  by  14  feet  and  the  smallest  8  feet  square.  The  estufas 
each  30  feet  in  diameter  and  are  placed  just  within  the  two  elbowB 
ibe  building. 

!here  is  not  the  least  indication  of  the  court  ever  having  been  en- 
sed  by  a  wall.  None  of  the  wood-work  now  remains  in  i)lace.  The 
er  walls,  like  those  in  the  first  ruin  described,  were  built  up  to  the  full 
^t  of  the  building,  and*  were  without  any  aperture  save  the  smallest 
I  of  windows. 

PUEBLO  UNA  VIDA. 

'wo miles  and  a  half  farther  down  the  caf[on,and  also  on  the  north  side, 
the  ruins  of  the  Pueblo  Una  Yida.  At  this  point  the  canon  bends  to 
northwest  around  a  promontory  at  the  foot  of  which  are  tho  ruins, 
the  opposite  side  there  is  a  break  for  about  half  a  mile  in  the  bluffs, 
db  have  completely  sbut  us  in  thus  far,  in  the  centre  of  which  space 
rds  a  remarkable  butte  or  mesa  some  300  feet  in  h^ght.  In  the  gaps 
Rreen  the  butte  and  mesa  we  have  fine  distant  views  of  the  snow- 
rned  Sierra  San  MiAteo,  or  Mount  Taylor.  The  canon  is  here  about 
yards  wide,  and  is  perfectly  level  firom  one  side  to  the  other.  The  bed 
he  stream  is  a  perfectly  dry  wash,  without  even  an  o<K»sional  pool, 
^t  where  it  has  been  secured  by  artificial  means,  as  at  the  place  six 
8  above  where  the  Indians  were  camped.  Lieutenant  Simpson  passed 
Qgh  the  canon  in  August,  and  mentions  that  at  this  place  there  was 
Ldth  of  8  feet,  and  a  depth  of  1}  feet  of  running  water  in  the 
yo«  It  was  then  in  the  midst  of  the  rainy  season,  however ;  but 
ry  rains  had  fallen  over  this  part  of  the  country  a  few  days  previous 
ar  visit,  yet  it  api)eared  as  if  it  had  been  subjected  to  a  prolonged 
igbt. 
le  Paeblo  Una  Yida  resembles  in  its  ground  plan  quite  closely 

of  the  Pueblo  Pintado.    It  has  the  same  L-shaped  main  build- 
the  two  extremes  of  which  are  connected  by  a  semicircular  wall. 

two  wings  facing  within  a  few  degrees  south  and  east  respec- 
y,  are  274  and  253  feet  in  length ;  the  longer  one  running  north  and 
h  over  a  slightly  rising  surface,  while  the  other,  which  is  at  right 
es  to  it,  runs  over  a  rocky  knoll  some  15  or  20  feet  above  the  general 
«  Within  the  enclosure  are  the  remains  of  the  largest  estufa  to  be 
d  in  any  of  the  eleven  great  rains.  The  inside  measurement  from 
to  wall  is  60.2  feet ;  the  masonry  of  the  cylindrical  surface  is  perfect 
ighout  most  of  the  circle,  and  is  in  places  foar  feet  high,  its  apper 
on  a  plane  with  the  floor  of  the  court ;  it  wasevidently  entirely  subter- 
m.     In  the  southern  end  of  the  longest  wing  are  three  other  estufaSy 

interior  walls  in  good  preservation,  the  diameters  of  which  are 
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respectively  28,  18,  and  30  feet  Midway  its  length,  and  back  of  the 
other  wing,  is  a  semicircalar  apartment,  the  oatside  walls  being  lect- 
angular,  the  inside  diameter  of  which  12^  by  25  feet  Exteudiag  from 
this  room  toward  the  bluff,  and  at  right  angles  to  the  north  wing,  are 
some  lines  of  mined  walls,  the  details  of  which  are  nearly  indistingaisb- 
able*  I  have  drawn  them  as  bending  roand  towards  a  large  circalar 
depression  which  exists  on  the  right  hand,  bat  it  is  possible  that  this 
appearance  was  caased  by  the  way  in  which  the  walls  fell,  and  that  they 
were  originally  a  portion  of  a  rectangular  extension. 

The  ruins  of  the  wall  enclosing  the  court  are  low  and  broad,  with  hot 
little  masonry  visible.  The  gate- way  or  entrance  seems  to  have  been  at 
the  right  hand  or  upper  end,  just  outside  of  which  is  a  large  rubbish- 
heap.  The  walls  are  in  a  much  better  state  of  preservation  in  the  neigh- 
borhood of  the  three  eatufas.  Everywhere  else  they  are  much  rniDed, 
particularly  at  the  angle  of  the  junction  of  the  two  wings,  and  the  gen- 
eral appearance  conveys  the  impression  of  a  much  greater  age  than  any 
of  the  others,  with  one  exception  which  will  be  noted. 

PUEBLO  nUNGO  PAVIE. 

One  mile  farther,  on  the  same  side  aud  aldo  built  close  under  the  walto 
of  the  canon,  are  the  ruins  of  the  Pueblo  Dungo  Pavie,  or  Crooked  Nose, 
portions  of  which  are  yet  in  quite  perfect  condition.  It  is  boilt  like 
Weje-gi  around  three  sides  of  a  court,  but  this  is  enclosed  by  a  semicireQ- 
lar  wall  reaching  from  one  wing  to  the  other.  The  north  or  main  build- 
ing is  309  feet  long  on  the  outside,  and  the  two  wings  136  feet  each. 
The  ground  plan  represents  a  depth  of  but  three  rows  of  rooms,  and  n 
the  walls  still  indicate  that  there  were  at  least  four  stories,  it  gives  a 
much  greater  degree  of  height  in  comparison  with  breadth  than  any 
of  the  other  ruins.  The  single  eatvfa  is  situated  midway  in  the  north 
building  and  appears  to  have  extended  up  to  the  top  of  the  second  Btory. 
In  front  of  it  is  a  projection  or  platform  of  masonry,  nearly  as  high  and 
of  the  same  width  as  the  entvfa^  which  extends  some  10  or  12  feet  into 
the  court  The  interior,  which  is  23  feet  in  diameter,  has  six  counterforts 
or  square  pillars  of  masonry — ^like  those  of  the  Pueblo  Pintado— boilt 
into  the  encircling  wall  al;  equal  distances  from  each  other,  and  which 
appear  to  have  extended  up  to  the  top.  In  the  northeast  corner  of  the 
ruins  the  walls  are  now  standing  30  feet  high,  showing  a  portion  of  tbe 
fourth  floor.  Many  of  the  heavy  pine  logs  tbat  supported  the  floorias 
are  still  in  position.  The  height  of  the  second-istory  rooms  was  about  9 
feet  and  of  the  third-story  about  7  feet.  The  masonry  is  of  the  same 
character  as  that  already  noticed,  but  the  walls  of  the  first  story  are  of 
unusual  thickness — nearly  3  feet — otherwise  it  has  no  marked  differeocfi 
of  features.  The  rooms  of  the  central  portion  of  tbe  building  are  geDe^ 
ally  long  and  narrow,  while  those  of  the  wings  are  of  the  same  length 
but  wider.  There  are  no  signs  of  masonry  in  the  low  mound  which  i* 
all  there  is  left  of  the  wall  which  enclosed  the  court.  Just  outside  of  iti 
near  the  centre,  is  the  usual  mound  of  rubbish,  and  just  inside,  oneof 
the  great  circular  depressions  generally  found  in  the  same  relative 
position  in  nearly  all  the  ruins. 

PUEBLO  OF  CHETTEO  KETTLE. 

Two  miles  farther  along  under  the  northern  wall  of  the  canon  we  cam- 
to  the  ruins  of  the  great  Pueblo  of  Chetcro  Kettle,  or  the  Rain  Puebte. 
This  is  of  (he  same  pattern  as  the  Pueblo  of  Uungo  Pavie,  and  is  the 
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lari^est  of  the  perfect  rectangles.    Its  outside  dimensioDS  are  440  by  250 
feet.      A  semicircular  wall  counects  the  two  side  wings.    There  are 
seven  distinctly-marked  estufas^  four  near  the  centre  of  the  main  build- 
ing and  three  near  the  end  of  the  west  wing.    Besides  these  there  are 
indications  of  others  within  the  court  but  outside  the  building.    The 
foar  in  the  centre  are  built  together  in  a  solid  body  and  project  partially 
from  the  main  building  into  the  court;  the  one  on  the  left  project- 
ing farther  than  the  other  three,  which  have  a  row  of  small  rooms 
between  them  and  the  court.    This  left-hand  eatufa  is  also  noticeable 
from  its  height,  rising  as  it  does  above  the  general  level  of  the  ruin 
about  it.    It  was  originally  divided  into  three  stories,  all  above  ground, 
and  the  remnants  by  the  vigns  between  the  first  and  second  floors  still 
remain  in  the  wall.    The  three  others  were  not  so  high  and  were  prob- 
ably not  more  than  one  full  story  in  height.    These  four  averaged  22 
feet  in  diameter.    The  other  three  estufas  in  the  west  wing,  which  are 
much  ruined,  do  not  differ  from  others  we  have  seen.    The  walls  of  the 
pueblo  at  the  northeast  corner  are  fully  35  feet  in  height,  showing  four 
floors  plainly,  and  with  indications  that  theie  may  possibly  have  been 
another.    Many  of  the  floor  timbers  are  yet  in  place,  those  that  are  in 
any  way  protected  from  atmospheric  changes  remaining  quite  sound. 
The  entire  series  covering  the  rooms  of  the  first  floor  project  through 
the  wall  and  extend  beyond  it  4  or  5  feet.    It  may  have  supported  a 
balcony  on  this,  the  cool  and  shady  side  of  the  house. 

The  following  is  a  description  by  Simpson  of  a  room  seen  by  him  in 
this  pueblo :  '^  This  room  is  14  by  17^  in  plan  and  10  feet  in  elevation. 
It  has  an  outside  doorway  3^  feet  high  by  2^  wide,  and  one  at  its  west 
end  leading  into  the  adjoining  room  2  feet  wide,  and,  at  present,  on  ac- 
count of  rubbish,  only  2^  feet  high.  The  stone  walls  still  have  their 
planter  upon  them,  in  a  tolerable  state  of  preservation.  On  the  south 
wall  is  a  recess  or  niche,  3  feet  2  inches  high,  by  4  feet  5  inches  wide  by 
4  feet  deep.  Its  position  and  size  naturally  suggested  the  idea  that  it 
might  have  been  a  fireplace,  but,  if  so,  the  smoke  must  have  returned 
to  the  room,  as  there  was  no  chimney  built  for  it.  In  addition  to  this 
large  recess,  there  were  three  smaller  ones  in  the  same  wall.  The  ceil- 
ing showed  two  main  beams  laid  transversely.  On  these,  longitudinally, 
are  a  number  of  smaller  ones  in  juxtaposition,  the  ends  being  tied  to- 
gether by  a  species  of  woody  fibre,  and  the  interstices  chinked  in  with 
small  stones.  On  these  again,  transversely,  in  close  contact,  was  a  kind 
of  lathing  of  the  odor  and  appearance  of  cedar,  all  in  a  good  state  of 
preservation."  We  did  not  find  the  room  thus  described,  which  was 
stated  to  be  in  the  northwest  corner  of  the  ruins,  but  we  found  others 
near  the  centre  of  the  north  wing  that  were  in  as  good  a  state  of  preser- 
vation and  to  which  the  above  description  applies,  with  the  exception 
of  some  of  the  details.  These  were  entered  by  holes  that  have  been 
broken  in  the  outer  wall.  At  one  time  there  has  been  a  row  of  windows, 
about  24  by  40  inches  in  size,  all  along  the  first  story.  These,  however, 
had  been  sealed  up,  but  as  all  other  approaches  had  been  cut  off  by  the 
great  mass  of  fallen  walls,  which  covered  the  regular  approaches,  some 
of  them  were  reopened,  probably  not  long  ago. 

The  general  level  of  the  sandy  surface  back  of  this  ruin  was  nearly  up 
to  the  sill  of  the  windows  and  considerably  above  the  floor  of  the  lower 
fooms.  The  soil  has  undoubtedly  increased  considerably  in  depth  from 
the  accumulation  of  sifting  sand  and  the  disintegration  of  the  high  bluffs 
of  sandstone,  which  are  within  a  few  yards  of  the  rear  wall.  Near  this 
^all  a  coyote  hole  exposed  a  small  section  of  masonry  below  the  surface, 
d  portion  of  a  wall  or  something  of  that  kind,  that  had  become  entirely 
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covered  up  with  sand.  I  was  alone  at  the  time,  with  do  iiDplemeot 
whatever  snited  to  an  excavation,  or  I  would  have  investigated  further. 
The  masonry  of  this  rnin  is  remarkable  for  the  effect  of  fine  finish 
imparted  to  its  general  appearance.  It  consists  almost  entirely  of  small 
tabular  pieces  of  stone,  although  in  some  portions  of  the  building  the 
material  is  selected  as  to  si^e,  and  laid  in  parallel  courses.  The  exterior 
walls,  however,  are  composed  entirely  of  very  small  pieces,  arranged 
without  order,  but  so  compactly  and  solidly  as  to  give  the  impression 
of  a  homogeneous  surface,  and  this  is  secured  without  the  aid  of  any 
cement  or  adobe  mortar  appearing  between  the  joints.  I  measured  off 
at  random  a  square  yard  on  the  back  wall  just  behind  the  estufas,  and 
found  that  450  pieces  of  stone  api)eared  on  the  surface  witbin  that  space. 
The  opposite  surface  was  formed  in  like  manner,  but  as  these  stones 
would  form  less  than  one-half  the  thickness  of  the  walls,  the  rest  was 
made  up  of  larger  and  more  irregular  pieces  laid  in  nu  abundance  of 
clay  cement.  Imagine  the  industry  and  patience  required  to  build  such 
a  wall. 

In  this  ruin  there  was  at  one  time  a  line  of  wall  running;  around  three 
sides  of  the  building,  935  feet  in  length  and  about  40  feet  iu  height^  giving 
37,400  square  feet  of  surface,  and  as  an  average  of  50  pieces  of  stooe 
appeared  within  the  space  of  every  square  foot,  this  would  give  neaiiy 
2,000,000  pieces  for  the  outer  surface  of  the  outer  wall  alone ^  multiplj 
this  by  the  opposite  surface,  and  also  by  the  interior  and  transverse 
lines  of  masonry,  and,  supposing  a  symmetrical  terracing,  we  will  find 
that  it  will  swell  the  total  up  into  more  than  30,000,000,  embraeed 
within  about  315,000  cubic  feet  of  masonry.  These  millioos  of  pieees 
had  to  be  quarded,  dressed  roughly  to  fit  their  places,  and  carefally 
adapted  to  it;  the  massive  timbers  had  to  be  brought  from  a  consider- 
able distance,  cut  and  fitted  to  their  places  in  the  wall  and  then  covered 
with  other  courses ;  and  then  the  other  detailsof  window  and  roof  making, 
plastering,  and  construction  of  ladders,  must  have  employed  a  large 
body  of  intelligent,  well-organized,  patient^  and  industa^ious  people, 
under  thorough  discipline,  for  a  very  long  time.  The  remains  of  the 
wall  that  enclosed  the  court  show  it  to  have  been  of  stone  and  to  hsTe 
been  divided  into  apartments,  for  at  regular  intervals  of  aboat  10  feet 
there  are  lines  of  stone-work  at  right  angles  to  its  txend,  the  same  as 
in  two  other  ruins  at  least  in  which  a  number  of  these  apartments  are 
in  good  preservation,  showing  clearly  their  character.  The  centre  was 
broken,  as  if  for  an  opening  or  gateway,  and  upon  either  hand  outside 
were  long  mounds  of  rubbish,  the  refuse  of  the  town.  Within  aboat 
20  yard9  of  the  northwest  angle  of  the  ruin,  and  built  upon  a  slight 
mound  at  the  base  of  the  bluff,  are  the  ruins  of  a  structure  that  bears 
about  the  same  relation  to  this  pueblo  as  the  similar  one  which  appeals 
in  connection  with  the  Pueblo  Pintado.  These  adjacent  structures 
also  appear  in  connection  with  most  of  the  ruins  about  to  be  described. 
Although  very  ruinous,  enough  remains  to  show  the  large  circular  room 
in  the  interior,  with  probably  two  or  three  other  rectangular  rooms. 

PUEBLO  BONITO. 

Five  hundred  yards  below  and  also  close  under  the  perpendicular 
walls  of  the  caiion  are  the  ruins  of  the  Pueblo  Bonito,  the  largest  and 
in  some.respects  the  most  remarkable  of  all.  Its  length  is  544  feet  and 
its  width  314  feet.  By  referring  to  the  plan  it  will  be  seen  that  it  only 
roughly  approximates  the  usual  rectangular  shape.  The  two  side  wings 
are  parallel  with  each  other,  and  at  right  angles  to  the  front  wall,  for  a 
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distance  of  70  feet ;  the  west  wing  then  bends  aronnd  until  a  little  past  a 
line  drawn  through  the  centre  of  the  ruin  transversely,  when  it  l)ears  oft* 
diagonally  to  join  the  east  wing,  thus  resembling  in  its  outline  a  seoii- 
oval.  Instead  of  a  semicircular  wall,  the  court  is  enclosed  by  a  perfectly 
straight  row  of  small  buildings  running  almost  due  east  and  west,  and  is 
intersected  by  a  line  of  estufas^  which  divide  it  (the  court)  into  two  nearly 
equal  portions.  A  marked  feature  is  the  difference  in  the  manner  of  con- 
struction, as  shown  in  the  character  of  the  masonry  and  of  the  ground 
plan.  It  was  not  built  with  the  unity  of  purpose  so  evident  in  the  Pueblo 
of  Ghettro  Kettle  and  some  others,  but  large  additions  have  been  spliced 
in  from  time  to  time,  producing  a  complexity  in  the  arrangement  of  the 
rooms  difScuU  to  follow  out.  I  spent  several  hours  in  endeavoring  to 
unravel  the  intricacies  of  the  foundations,  and  with  better  success  than 
I  imagined  possible.  The  left-hand  wing  consists  of  three  rows  of 
rooms,  eight  in  each  row,  12  to  15  feet  wide  and  from  12  to  20  feet  in 
length.  The  outer  walls  are  entirely  demolished,  but  some  of  the  inte- 
rior walls  reach  to  the  top  of  the  second  story.  In  front  of  this  wing 
and  facing  the  court  are  the  remains  of  what  were  probably  three  circu- 
lar, partially  subterranean  rooms,  probably  estuftxs.  The  section  adjoin- 
ing this  wing  is  in  the  shape  of  an  almost  perfect  quarter-circle,  and 
consists  of  five  tiers  of  rooms,  with  nine  rooms  in  each.  The  walls  are 
standing  quite  generally  as  high  as  the  second  story.  The  outer  tier 
bf  rooms  of  this  section,  which  are  only  about  4  feet  in  width,  seem  to 
have  been  built  on  merely  to  assimilate  this  portion  of  the  building  with 
the  rest,  for  they  are  evidently  of  different  periocls.  The  middle  section 
is  the  most  minoas  of  all,  but  the  great  depth  of  the  dSbrU  which  covers 
several  perfect  rooms  indicat<es  that  it  originally  possessed  an  equal 
height  with  the  adjoining  walls.  The  outer  wall  thus  far  is  entirely  ruined, 
hardly  a  stone  remaining  in  place,  but  in  the  section  that  lies  between  the 
central  line  of  estufas  and  the  right-hand  wing  it  rises  up  to  the  fourth 
story,  and  is  in  a  remarkably  well-preserved  condition.  Portions  of  it 
are  evidently  a  quite  late  addition  in  the  history  of  t-he  ajicient  pueblo, 
some  of  the  outer  rows  having  been  spliced  or  joined  to  the  last  wing 
in  a  manner  which  will  be  better  understood  by  a  reference  to  the  plate 
than  by  any  description.  Several  of  the  interior  parallel  and  transverse 
walls  are  also  standing  fully  30  feet  high.  Many  of  the  vigae^  which  are 
in  excellent  preservation,  still  retain  their  places  and  protect  a  number 
of  rooms  on  the  first  floor.  The  outer  wall  of  the  east  wing  is  in  fair 
preservation,  while  the  interior  walls  are  in  excellent  order  for  at  least 
two  stories;  the  apartments  in  this  and  in  the  adjoining  section  are  of 
unusual  size,  and  the  walls  of  the  ground  floor  are  of  a  firm  massiveness 
that  has  preserved  them  remarkably  well.  Within  this  wing  are  two 
estufas^  one  of  which  came  up  with  and  formed  a  portion  of  the  second 
story.  Across  the  front  of  the  court  there  are  two  tiers  of  rooms  about 
2b  feet  in  width,  their  fallen  walls  making  a  mound  of  dibris  5  to  8  feet 
in  depth,  indicating  that  they  were  of  considerable  height  Every 
transverse  wall  could  be  easily  distinguished.  Interrupting  this  about 
midway  is  a  solid  parallelogram  ^  by  115  feet  in  dimensions,  in  which 
are  two  estufas  each  50  feet  iu  diameter.  A  low  mass  of  ruins  connects 
these  with  two  more  somewhat  similar  estufus  that  a<yoin  the  centre  of 
the  main  building. 

Having  thus  roughly  sketched  in  the  external  forms  of  the  ruin,  I 
will  devote  some  space  to  a  description  of  some  of  its  details. 

Tbe  masonry,  as  exhibited  in  the  construction  of  the  walls,  is  quite 
dissimilar  in  the  different  i)ortion8,  showing  clearly  that  it  was  either 
built  at  different  periods,  or  that  it  had  been  once  partially  demolished 
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8Dd  then  rebuilt.    The  three  kinds  of  masonary  shown  in  plate  LXIII, 
appear  at  various  places  throughout  the  building,  and,  in  addition,  there 
is  considerable  rough-laid  plastered  wall,  like  that  which  appears  in 
many  of  the  old  ruins,  and  which  is  also  characteristic  of  all  the  Moqui 
pueblos.    In  that  part  of  the  external  wall  which  is  now  standing  a 
different  method  of  laying  the  stones  is  observed  in  each  story.    The 
first  or  lowest  story  is  built  in  the  manner  of  No.  2 ;  the  second  as  No. 
1 ;  while  in  the  third  story  it  is  a  repetition  of  the  first.    The  straight 
row  across  the  front  of  the  court  was  built  almost  entirely  like  No.  2, 
and  the  buildings  immediately  adjoining  partook  of  the  same  character. 
Most  of  the  interior  walls,  especially  in  the  east  wing  and  the  section 
adjoining  it,  were  built  iu  the  manner  of  No.  1 ;  but  of  larger  stones. 
A  large  number  of  beams  of  wood  were  used  to  strengthen  the  walls; 
round  sticks  of  3  and  4  inches  diameter  were  built  into  the  wall  trans- 
versely, the  ends  trimmed  off  smooth  and  flush  with  the  two  outer  sur- 
faces, and  larger  timbers  of  from  10  to  15  feet  in  length  and  6  to  8  in 
diameter  were  embedded  longitudinally.    We  observed  these  in  the 
outer  wall  only.    The  estufas  iu  this  ruin  form  an  imi)ortant  feature,  both 
from  their  number,  size,  and  the  excellent  manner  in  which  most  of  them 
were  built.    Referring  to  the  plan  (Plate  LVIII),  the  first  that  attract  our 
attention  are  those  in  the  centre,  Nos.  1  and  2,  which  have  been  already 
referred  to.    Neither  these,  nor  iu  fact  any  of  the  others,  with  the  excei)- 
tion  probably  of  some  of  the  more  indistinct  ones,  which  are  indicated  by 
dotted  lines,  appear  to  have  been  subterranean.    No.  3  is  40  feet  la 
diameter  and. No.  4,  26  feet^  both  are  considerably  elevated  above  the 
general  surface.    The  masonry  iu  the  circles  of  these  four  central  estufas 
is  yet  perfect  around  their  entire  circumferences,  and  the  only  others  in 
like  condition  are  the  two  in  the  east  wing,  Nos.  5  and  6.    Besides  these 
six,  there  are  at  least  fifteen  others  in  various  degrees  of  demolition.    Nos, 
7,  8,  and  9  are  unmistakably  of  the  same  character  as  the  preceding, 
and  also  those  numbered  from  10  to  17 ;  the  last  six  especially,  having 
considerable  portions  of  their  cylindrical  walls  remaining.    The  remain- 
ing ones  have  only  great  mounds  of  stones  and  earth  to  mark  their  sites. 
The  interior  of  the  court  is  very  uneven,  there  being  no  level  ground 
whatever.    This,  as  in  the  case  of  the  Pueblo  Pintado,  I  think,  indicatea 
that  it  was  occupied  with  many  subterraneam  rooms.    There  are  a  number 
of  rooms,  the  coverings  of  which  have  resisted  the  great  weight  of 
fallen  walls,  and  are  now  in  excellent  preservation.    These  do  not  differ 
materially  from  those  already  mentioned;  and,  as  Lieutenant  Simpson 
and  Dr.  Hammond  describe  two  that  are  iu  this  ruin  with  considerable 
minuteness,  I  will  say  but  little  in  regard  to  them.    Iu  one  of  these,  a 
small  room  in  the  outer  tier  of  the  north  side,  which  wo  entered  by  a 
small  hole  which  had  been  broken  through  the  exterior  wall,  we  found 
the  names  of  Lieutenant  Simpson,  Mr.  E.  H.  Keen,  and  one  or  two 
others,  with  the  date,  August  27, 1849,  scratched  into  the  soft  plastering 
which  covered  the  walls,  the  impression  appearing  as  plainly  as  if  done 
but  a  few  days  previously.    The  pueblo  was  built  within  about  20 
yards  of  the  foot  the  bluff,  but  a  t>alu8  of  broken  rock  occupies  all  of 
this  space,  excepting  a  narrow  passage  next  the  northern  wall,  through 
which  the  trail  passes.    To  the  e<aBt  of  this  are  the  ruins  of  several 
small  buildings  built  upon  a  bench  close  under  the  rocks.    The  bench 
has  been  extended  some  distance  by  a  wall  of  G  or  8  feet  hight,  built  of 
alternating  bands  of  large  and  small  stones.    A  short  distance  beyond 
is  a  mass  of  ruins  measuring  135  by  75  feet,  in  the  centre  of  which  are 
two  circular  rooms.    From  the  east  side  of  this  a  line  of  wall  ran  due 
south  about  300  feet,  meeting  at  a  right  angle  another  wall  180  feet  in 
length,  which  was  an  exteusiou  of  the  south  front  of  the  pueblo. 
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PUEBLO  DEL  AEBOYO. 

Three  handred  yards  below  are  tbe  rains  of  the  Pueblo  del  Arroyo,  so 
named  probably  because  it  is  on  the  verge  of  the  deep  arroyo  which 
traverses  the  middle  of  the  canon.  This  was  given  only  a  passing 
glance  by  Simpson,  bat  it  well  repays  more  careful  inspection.  It  is  of 
the  rectangular  form,  but  with  the  open  space  or  court  facing  a  few 
degrees  north  of  east.  The  west  wall  is  268  feet  long  and  the  two  wings 
125  and  135  feet  respectively  ^  their  ends  connected  by  a  narrow  and 
low  semicircular  wall.  The  wings  are  the  most  massively  built  and 
better  preserved  portion  of  the  whole  building ;  that  portion  which  lies 
between  them  and  back  of  the  court  being  much  more  ruinous  and  dis- 
similar in  many  respects.  The  walls  of  the  south  wing,  which  are  in  the 
first  story  very  heavy  and  massive,  are  still  standing  to  the  height  of 
the  third  story.  Many  of  the  vlgaa  are  still  in  place,  and  are  large  and 
perfectly  smooth  and  straight  undressed  logs  of  pine,  averaging  10 
inches  in  thickness ;  none  of  the  smaller  beams  or  other  wood-work  now 
remains.  There  is  one  estufa  37  feet  in  diameter  in  this  wing.  In  the 
north  wing  the  walls  are  standing  somewhat  higher^  but  do  not  indicate 
more  than  three  stories,  although  there  was  probably  another.  The 
vigas  of  the  second  floor  project  through  the  wall  for  a  distance  of 
about  5  feet  along  its  whole  northern  face  the  same  as  in  the  Pueblo 
Hungo  Pavie.  There  are  two  estufas;  one,  near  the  east  end  of  tbe  wing 
which  is  27  feet  in  diameter,  was  three  stories  in  height.  The  floor 
beams  are  removed,  but  the  remains  show  this  plainly.  The  interior  is 
nearly  fllled  up,  but  it  was  originally  over  25  feet  in  depth.  The  ruins 
of  the  other  estufa  are  insignificant  compared  with  this,  and  was  prob- 
ably of  but  otie  low  room.  Facing  the  centre  of  the  court  are  remains 
of  what  were  three  circular  rooms.  At  the  end  of  the  wings,  outside  of 
thebnilding,  are  faint  outlines  of  other  circular  apartments  or  enclosures^ 
shown  by  dotted  lines  on  the  plan.  In  the  central  portion  of  tbe  ruin, 
between  the  two  wings,  some  rooms  have  been  preserved  entire.  I 
crawled  down  into  one  of  these  through  a  small  hole  in  the  covering,  and 
found  its  walls  to  consist  of  delicate  masonry,  thinly  plastered  and  white- 
washed. The  ceiling  was  formed  in  the  usual  manner,  fine  willow  brush 
supporting  the  earthen  floor  above  instead  of  the  lath  like-sticks  or  thin 
boards  that  were  used  in  the  exceptional  cases  noted.  The  arroyo 
is  undermining  the  soil  close  to  the  southwest  corner  of  the  pueblo,  and 
has  already  exposed  some  old  lines  of  masonry,  which  on  the  surface  do 
not  give  any  indications  whatever  of  their  existence.  About  200  yards 
up  the  arroyo  are  the  rains  of  a  small  stone  building  similar  to  the  ones 
which  appear  in  connection  with  some  of  the  preceding  ruins.  Its  upper 
surface  is  mound-like,  showing  only  faint  traces  of  masonry,  butthe  arroyo 
has  undermined  one  corner,  exposing  well-laid  walls  extending  down  5  or 
6  feet  below  the  general  level  of  the  valley.  The  arroyo  is  here  16  feet 
deep,  but  there  is  an  older  channel  cutting  in  nearer  the  large  ruin,-  of  only 
about  one-half  this  depth.  It  is  in  this  that  most  of  the  exposed  walls 
are  shown.  Below  the  remains  of  these  walls,  and  extending  out  into 
the  main  arroyo  to  a  depth  of  14  feet  below  the  surface,  is  an  undulat- 
ing stratum  of  broken  pottery,  flint-chippings,  and  small  bones  firmly 
embedded  in  a  coarse  gravelly  deposit.  1  traced  this  stratum  for  sev- 
eral rods  along  the  smooth  perpendicular  face  of  tbe  wash,  where  it  was 
very  clearly  defined,  and  picked  out  many  pieces  of  excellently  painted 
shreds  of  pottery.  At  the  lowest  point  of  this  stratum,  and  where  it  bad 
been  undermined  by  the  waters  which  sometimes  flow  in  this  arroyo,  a 
human  skull  was  exposed,  so  firmly  embedded  in  the  dense,  rock-llk& 
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earth  that  coDsideruble  force  was  Decessary  to  detach  it;  some  smaller 
bones  and  numerous  fragments  of  pottery  were  scattered  about  in  the 
soil  near  by ;  it  was  in  an  inverted  position,  the  crown  half  buried  iu 
the  hard  earth,  a  soft  stratum  above  having  washed  out  to  a  few  inches 
greater  dei)th,  thus  leaving  it  standing,  as  above  described,  on  a  little 
bench.  The  thin  stratum  of  i)Ottery  could  be  traced  also  on  the  oppo- 
site bank  of  the  arroyo  and  thence  along  its  walls  to  the  small  ruin 
already  described.  This  deposit  represents  the  ancient  surface  of  the 
grounds  about  the  pueblo,  and  was  probaby  the  sloping  bank  of  the  stream, 
which  during  the  occupancy  of  this  pueblo  may  have  been  a  considera- 
ble river,  bince  the  desertion  of  this  region  the  old  bed  has  become 
filled  to  the  depth  of  at  least  14  feet,  and  through  this  the  arroyo  has 
made  its  present  channel.  A  system  of  thorough  excavation  would 
undoubtedly  reveal  many  interesting  things,  ^nd  is  probably  the  only 
method  by  which  anything  satisfactory  will  ever  be  learned  of  the  indus- 
trious people  who  once  filled  this  narrow  valley. 

PUEBLOS  N06.  8  AlO)  9. 

At  distances  of  a  half  mile  and  one  mile  respectively,  ai^e  the  ruins  of 
two  comparatively  small  buildings,  built  close  up  under  the  northern 
walls  of  the  cafion.  The  first  of  these,  which  I  have  called  Pueblo  Na  8 
in  the  plan,  was  originally  a  perfect  parallelogram,  135  by  100  feet  di- 
mensions, without  any  adjoining  buildings,  walls,  or  court.  From  the 
fact  that  the  outer  walls  are  low  and  much  ruined  and  that  the  highest 
walls  are  all  nearest  the  centre,  it  would  seem  that  it  was  originally  ter- 
raced pyramidally  like  the  great  houses  of  Taos.  The  ettufas^  three  in 
number,  are  nearly  in  a  line  through  the  centre.  The  two  end  ones  are 
quite  high  and  must  originally  have  been  at  least  two  stories  in  height. 
It  is  possible,  however,  that  their  elevation  is  due  to  the  fact  that  they 
are  built  upon  large  rocks  which  are  entirely  concealed  by  the  fallen 
walls.  The  central  estufa  is  low  compared  with  the  others  and  with  the 
walls  standing  around  it.  These  estufas  are  from  18  to  22  feet  in  diam- 
eter, with  their  circular  walls  5  to  6  feet  high  and  with  unknown  depth 
of  disbria  in  the  bottom.  The  walls  near  the  northeast  comer  and  along 
the  north  side  generally  are  standing  three  stories  in  height,  or  from  20 
to  25  feet,  with  rough  deMs  to  indicate  another  story.  The  front  is 
much  more  ruinous.  The  masonry  throughout  the  building  is  of  sqaore 
blocks  of  sandstone  about  8  by  5  by  3  inches,  dressed  and  ground  down 
both  before  and  after  they  are  laid  in  the  walls,  a  clay  mortar  being 
used  plentifully  between  them.  The  door-ways  or  windows,  whichever 
they  may  be  called,  are  quite  uniformly  27  by  42  inches  in  sise,  and  the 
walls  in  which  they  occur  from  18  to  24  inches  in  thickness.  The  ma- 
sonry about  some  of  these  door- ways  is  ground  down  so  smoothly,  appar- 
ently by  grinding,  that  if  a  carpenter's  two-ibot  square  was  applied  to 
their  angles  it  would  prove  them  to  be  as  exact  as  in  the  ordinary  brick- 
work of  the  present  time.  There  is  no  appearance  of  the  minute  mosaic- 
like stucco-work  so  noticeable  in  the  other  ruins.  But  little  wood-work 
now  remains,  what  there  is  consisting  almost  entirely  of  lintels  of  small 
4i ticks  of  wood  above  the  windows. 

The  next  ruin,  which  we  have  called  No.  9,  is  still  smaller  and  hardly 
^leserves  to  be  called  a  pueblo.  Like  the  last  it  is  a  solid  parallelogram, 
but  is  only  63  by  78  feet  in  dimensions.  The  interior  is  mostly  occu- 
pied by  two  comparatively  large  circular  apartments,  only  one  of  which 
has  its  interior  wall  in  good  order.  The  exterior  of  the  ruin,  along  the 
front  and  left-hand  side,  consists  of  three  or  four  stories  of  small  rooms. 
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none  of  which  are  larger  than  5  by  8  feet  inside.  The  walls  now  standing 
are  aboat  28  feet  high ;  those  about  the  right-hand  portion  are  entirely 
ruinooB  and  it  is  difficnlt  to  make  out  the  original  design.  Some  little 
wood-work  remains — a  few  vigas  and  some  lintels  over  the  windows. 

PUEBLO  PE^ASCA  BLANCA. 

Two  miles  farther  down  the  caQon  from  the  last-described  ruin,  and 
occupying  the  summit  of  a  promontory-like  point  around  which  tho 
Ghaco  swings  in  a  sharp  elbow,  are  the  ruins  of  the  Pueblo  PeHasca 
Blanca.  Next  to  the  Pueblo  Bonito  this  is  the  largest  in  exterior  di- 
mensions of  all  the  ruins.  With  the  exception  of  the  Pueblo  Pintado 
it  is  the  only  one  on  the  south  side  of  the  canon,  and  the  only  one,  with 
another  exception,  built  above  the  bottom  of  the  canon.  It  is  also  un- 
like all  the  others  in  its  ground  plan,  being  an  almost  perfect  ellipse. 
Its  greater  diameter  is  north>northeast  and  south-southeast.  The  west- 
em  half  of  the  ellipse  is  occupied  by  a  massive  structure,  five  tiers  of 
rooms  deep,  and  the  other  half  by  a  single  continuous  row  of  small 
houses  serving  os  a  wall  to  enclose  the  court.  The  interior  dimensions 
of  thia  court  are  346  by  269  feet;  add  to  this  the  depth  of  the  buildings 
surrounding  it  and  we  have  a  total  exterior  diameter  of  490  by  363  leet 
with  a  circuit  of  1,200  feet.  The  greater  portion  of  the  walls  is  so  ruinous 
that  but  few  of  them  are  in  place  above  the  first  or  lower  story,  where 
they  are  in  places  to  full  height  of  the  second  story.  The  greatest 
height,  however,  is  maintained  in  the  second  tier  of  rooms  from  the  out- 
side. The  entire  outside  wail  is  thrown  down,  but  the  end  and  dividing 
walls  are  yet  in  a  fair  state  of  preservation,  enabling  us  to  measure  from 
them  with  some  accuracy.  The  great  height  of  the  dSbria  would  indi- 
cate at  least  four  stories  in  the  outside  tier.  Like  the  Pueblo  Bonito,  some 
portions  were  built  in  a  very  much  better  manner  than  others;  greater  care 
seems  to  have  been  taken  with  the  more  exi)osed  walls,  while  many  of  the 
interior  ones  were  built  of  rough  stones  covered  with  adobe  plaster.  The 
two  end  wallsare  better  preserved  than  any  other  portion,  and  in  them  is 
a  beautiful  example  of  the  horizontal  alternations  of  thick  and  thin 
plates  of  stone.  There  are  seven  estufas^  all  situated  near  each  other  in 
the  northern  half  of  the  inner  circumference  of  the  west  side  of  the  ellipse. 
Five  of  these  are  in  a  solid  row,  and  of  the  two  other  larger  ones,  one  is 
set  back  within  the  body  of  the  building,  and  the  other  outside  but  adjoin- 
ing it.  The  masonry  of  the  interior  surfaces  is  in  good  order,  but  does 
not  show  that  they  were  more  than  the  ordinary  one-story  apartments 
built>  above  the  surface  of  the  court.  In  the  northern  angle  of  the  ruin 
a  break  in  the  outside  walls  enabled  me  to  crawl  into  one  of  the  end 
rooms  of  the  second  tier.  The  only  noticeable  feature  in  the  rooms  thus 
exposed  was  the  employment  of  thin  boards  in  the  construction  of  the 
ceiling,  resembling  in  every  detail  those  describee!  by  Surgeon  Ham- 
mond in  connection  with  the  Pueblo  Bonito ;  all  the  larger  beams  had 
their  ends  cut  off  perfectly  smooth  and  at  right  angles  to  their  length. 
In  the  oentre  of  the  ruin,  back  of  the  two  largest  estufaSy  are  more  entire 
rooms.  Two  of  these,  to  which  I  gained  access  by  a  small  hole  broken 
throngh  the  wall  near  the  ceiling,  were  each  about  10  by  15  feet  in  di- 
mensions and  7  feet  in  elevation.  One  was  half  filled  with  rubbish  and 
the  walls  and  ceiling  black  with  soot  and  smoke.  Crawling  through  a 
small  door- way  into  the  next  room,  I  found  a  marked  contrast  to  the  first 
in  the  smooth  whitewashed  walls,  but  little  stainecL  The  ceiling  of  both 
rooms  was  constructed  in  the  usual  manner,  a  thick  matting  of  willow 
iMPUsh  coming  in  contact  with  the  earthen  floor  above  instead  of  the 
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small  boards.  Upon  the  floor  and  a  little  to  the  right  of  the  centre  as 
we  enter  the  room  is  a  raised  enclosure  of  whitewashed  adobe,  about  2 
by  3  feet  in  dimensions  and  8  or  10  inches  above  the  floor.  Inside  it  is 
at  least  2  feet  deep,  bnt  was  filled  nearly  fnll  with  dast  and  dirt  and 
the  excrement  of  small  animals.  I  scratched  aronnd  in  the  mass  to 
the  bottom  without  finding  anything  of  interest.  In  point  of  size,  the 
rooms  of  this  ruin  will  average  larger  than  in  most  of  the.others ;  the 
twenty-eight  rooms  as  they  appear  on  the  outer  circumference  average 
20  feet  in  length  from  wall  to  wall  inside.  The  smallest,  which  are  only 
10  feet  wide,  are  at  the  two  ends.  The  width  of  the  rooms  of  each  tier 
appears  to  have  been  constant  throughout  the  length  of  the  whole  ruin. 
The  dimensions  given  in  these  drawings  are,  in  nearly  every  case,  of 
those  apartments  which  constitute  the  second  story,  as  it  is  in  those  that 
there  is  the  least  obscuration  of  the  walls. 

In  most  of  the  ruins  the  first  floor  is  almost  entirely  filled  up  with 
dSbris;  but  when  the  walls  can  be  followed  they  show  that  this  floor  is 
generally  divided  into  much  smaller  apartments,  two  or  three  occurring 
sometimes  in  place  of  each  one  above  them.  The  eastern  half  of  the 
ellipse,  as  above  said,  consists  of  a  single  continuous  line  of  small  apart- 
ments, with  a  uniform  width  of  13  feet  inside  and  an  average  length  of 
20  feet.  By  a  curious  coincidence  the  same  number  of  rooms  are  in  this 
row  as  in  the  outer  tier  of  the  main  building.  The  walls  of  the  central 
portion,  for  a  distance  of  about  200  feet,  are  in  fair  preservation,  stand- 
ing in  places  6  to  8  feet  in  height,  the  dividing  walls  showing  apertures 
leading  from  one  room  to  another.  They  are  built  of  stones  uniform  in 
size,  averaging  6  by  9  by  3^  inches;  mortar  was  used  between  the  stones 
instead  of  the  small  plates  of  stone.  At  both  ends,  for  a  distance  of  some 
200  feet  from  the  point  of  juncture  with  the  main  building,  the  walls  are 
entirely  levelled,  but  enough  remains  to  show  the  dimensions  of  each 
apartment.  Twenty  yards  from  the  south  end  of  the  main  building  are 
the  ruins  of  a  great  circular  room  50  feet  in  diameter,  with  some  portions 
of  its  interior  wall  in  such  preservation  that  its  character  is  readily  dis- 
cernible. Ko  masonry  appears  in  connection  with  the  exterior  of  the 
great  mound,  of  which  the  cylindrical  wall  is  the  centre.  At  the  north 
end  there  is  another  circular  room  of  about  25  feet  diameter,  but  this  is 
surrounded  by  other  rectangular  apartments,  and  also  by  walls  that  prob- 
ably terraced  up  the  sloping  surface. 

PUEBLO  ALTO  AND  STONE  STAIEWAYS. 

During  the  three  days  while  engaged  in  the  examination  of  the  ruins 
from  the  Pueblo  Una  Vida  to  Pefiasoa  Blanca,  we  made  our  camp  in  the 
bottom  of  the  arroyo,  about  250  yards  below  the  Pueblo  Del  Arroyo,  where 
we  had  found  a  few  shallow  pools  of  a  thick,  pasty  water,  the  only  remains 
of  some  recent  shower.  There  was  also  considerable  new  grass  just 
springing  up  among  the  willows  and  young  cotton  woods,  which  extended 
half  a  mile  above  and  below  us,  that  was  much  relished  by  our  half- 
starved  mules,  besides  which  the  perpendicular  sides  of  the  arroyo  served 
excellently  as  a  corrall  to  restrain  their  wanderings.  From  this  point  we 
extended  our  trips  up  and  down  thecailon,  returning  to  it  each  night,  as 
affording  the  only  water  in  the  whole  neighborhood. 

While  engaged  about  the  ruin  last  described,  I  accidentally  discovered 
with  my  field-glasses  some  ruined  walls  upon  the  summit  of  the  bluff  and 
apparently  about  half  a  mile  back  of  either  the  Pueblo  Bonito  or  Ghettro 
Kettle.  There  was  so  little  visible  that  I  could  not  locate  it  muqh  nearer. 
Having  a  couple  of  hours  to  spare  before  sunset  one  evening,  I  set  about 
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discovering  a  way  ap  tbe  blnff.  Scanning  the  walls  closely  I  saw  where 
there  had  formerly  been  means  provided  for  reaching  the  sammit 
throngh  some  of  the  great  crevices  which  ran  up  to  the  top,  but  they 
now  were  inaccessible.  Back  of  the  Pueblo  Chettro  Kettle  is  an  alcovjB 
with  perpendicular  walls  about  one-third  mile  in  depth  and  300  yards 
wide  across  its  mouth.  At  the  far  end  of  this  are  the  ruins  of  some 
old  structure  which  had  been  built  upon  a  low  slope  of  talus,  and  evi- 
dently served  as  an  approach  up  the  blufiT.  Oontinuing  around  the  alcove 
to  its  mouth  opposite  where  I  entered,  I  saw  some  steps  and  hand-holds 
cut  into  the  rock  that  seemed  to  offer  tbe  opportunity  I  was  seeking ; 
climbing  up  a  short  distance  over  a  slope  of  fallen  rocks  I  found  in  the 
sides  of  the  crevice  an  irregular  series  of  stair  like  steps  hewn  into  the 
hard  sandstone,  each  step  about  30  inches  long  and  6  inches  deep,  the 
two  cut  surfaces  at  right  angles  to  each  other.  Upon  each  side  of  these 
steps,  in  the  steepest  part  of  the  ascent,  are  hand  holds  so  hewn  out  as 
to  allow  the  hand  to  grasp  them  like  the  rounds  of  a  ladder ;  in  the  other 
places  they  are  sunken  cup-like  cavities,  just  large  enough  to  admit  the 
fingers.  Easily  gaining  the  summit,  I  walked  back  over  the  bluffs, 
ascending  by  terraces  some  200  or  300  feet  above  tbe  bottom  of  tbe 
canon,  and  then  turning  around  tbe  head  of  the  alcove,  my  attention 
was  drawn  to  the  stairway,  shown  in  the  accompanying  drawing  [plate 
LXII],  hewn  in  the  smooth  and  almost  vertical  face  of  a  bluff,  parallel 
with,  and  but  a  short  distance  back  of  that  which  forms  the  alcove. 
There  are  28  or  30  steps  of  about  the  same  size  as  those  already  men- 
tioned, accompanied  with  tbe  baud-holds  on  both  sides.  At  its  foot  was 
probably  a  water-pocket  to  which  it  led,  but  immediately  above  there 
are  no  indications  of  any  ruins  whatever. 

Interesting  ruins,  however,  crop  out  in  such  unexpected  places  that 
something  of  the  kind  may  be  bidden  away  in  the  alcoves  and  ravines 
which  penetrate  tbe  bluffs  on  all  sides.  From  this  point  it  was  about 
half  a  mile  over  tbe  sandy  sage-covered  plateau  to  tbe  ruins  I  bad  seen 
from  Pueblo  Peiiasca  Blanca.  They  are  situated  so  as  to  command  the 
entire  horizon.  Away  to  tbe  north  stretches  the  great  basin  of  the  Eio 
San  Juan ;  the  summits  of  tbe  La  Plata  Mountains  glimmering  faintly 
in  tbe  distance.  Tbe  Sierra  Tnnecha  stretches  across  tbe  entire  western 
horizon,  while  to  tbe  south  above  tbe  elevated  table  lands  appear  tbe  snow- 
covered  summits  of  tbe  Sierra  San  Mateo.  In  tbe  east  tbe  summits  only 
of  tbe  Jemez  Mountains  are  in  view,  tbe  frosted  crown  .of  Pelade  shining 
above  them  all.  This  ruin  is  thus  nearly  midway  and  above  all  the 
others — dominating  them  so  far  as  its  position  is  concerned.  I  endeav- 
ored to  obtain  some  information  from  Hosta  as  to  its  name  among  the 
Navajos  or  Pueblos.  At  first  he  professed  entire  ignorance  of  its  exist- 
ence, and  said  that  none  of  his  people  or  any  of  the  Navajos  knew  any- 
thing of  it.  A  day  or  two  afterwards,  however,  while  on  the  way  home, 
lie  modified  this  statement  by  saying  that  there  was  a  tradition  among 
his  people^  of  one  pueblo  among  tbe  others  that  was  above  them  all, 
pot  only  in  position  but  in  strength  and  influence,  and  was  called  El  Gap- 
itan  or  El  Jugador.  He  explains  tbe  latter  name  by  saying  that  among 
his  people  the  gambler  was  regarded  as  a  type  of  a  superior  people. 
Whether  or  not  this  explanation  was  gotten  up  for  tbe  occasion,  to  ex- 
plain something  he  knew  nothing  of,  and  yet  did  not  wish  to  confess 
his  ignorance,  a  manner  in  which  most  of  these  traditions  are  gotten  up, 
it  is  impossible  for  me  to  determine  ;  but  as  a  compromise  I  have  called 
the  ruin  Pueblo  Alto.  Beferring  to  tbe  plan  in  plate  LX,  we  see  that  it  is 
in  the  usual  rectangular  form,  the  open  court  facing  south  and  enclosed 
by  a  low  semicircu&r  wall.    Tbe  northern  wall  is  360  feet  long  and  the 
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two  vriDgs  200  and  170  feet  respectively.  The  east  wing  is  bat  two  tiers 
of  rooms  deep,  wfaile  the  other  wing  and  the  central  portions  are  three 
tiers  in  depth.  The  rooms  are  large,  many  of  them  npwards  of  20  feet 
in  length,  and  fVom  8  to  12  feet  in  breadth.  The  masonry  is  of  a  fair 
order,  bat  little  inferior  to  the  best  of  the  others ;  bat  the  whole  rain  bears 
every  indication  of  extreme  age,  and  I  have  no  hesitancy  in  pronoaneing 
it  the  oldest  of  all.  The  walls  are  almost  entirely  destroyed,  there  being 
but  little  remaining  above  the  first  story.  The  estufas^  three  in  number^ 
one  of  which  is  36  feet  in  diameter,  are  placed  in  the  angles  of  the  baUd- 
iugs.  The  inner  walls  of  these  rooms  are  in  much  better  preservation 
than  the  rest  of  the  ruin.  In  the  court  are  other  indications  of  other 
circular  apartments  in  so  ruinous  a  state  as  to  be  barely  discernible,  one 
of  which  is  45  feet  in  diameter.  The  ruins  of  the  wall  enclomng  the  court 
show  it  to  have  been  of  stone,  and  to  have  consisted  of  two  parallel  walls, 
and  probably  to  have  been  subdivided  into  apartments,  as  in  some  of  the 
others.  Midway  in  this  wall,  and  opposite  the  centre  of  the  coart,  are 
the  remains  of  what  were  evidently  two  circular  apartments  enclosed 
by  rectangular  walls  measaring  40  by  70  feet,  all  in  about  the  same 
state  of  ruin  as  the  wall.  At  the  east  side  of  the  court  this  wall  does 
not  join  into  the  wing;  a  passage-way  of  some  12  feet  width  being  left, 
just  outside  of  which  is  an  immense  rubbish-heap,  the  cabic  contents  of 
which  are  approximately  25,000  yards. 

From  the  northefl«t  comer  of  the  ruin,  a  wall  extends  150  yards  east 
and  then  turns  south  and  runs  about  200  yards  to  the  edge  of  a  blofi ; 
a  similar  line  runs  parallel  with  it  from  the  centre  of  the  court  to  the  edge 
of  the  same  blnfi',  thus  enclosing  a  space  of  about  Ave  acres,  near  t£e 
centre  of  which  is  the  rubbish-heap.  One  hundred  and  eighty  yards  to 
the  southeast  are  the  ruins  of  a  small,  square  building  in  a  better  state 
of  preservation  than  the  larger  ruin.  It  is  75  feet  square,  divided  into 
six  equal  apartments  on  each  side,  thus  making  36  rooms  in  all,  four  of 
which,  however,  make  room  for  an  estwfcL.  This  was  probably  at  least 
three  stories  in  height,  for  the  walls  are  now  standing  to  the  top  of  the 
second  story.  The  masonry  resembles  that  of  the  little  pueblo  num- 
bered 9.  About  300  yards  to  the  northwest  are  the  ruins  of  a  similar 
building  which  is  in  a  much  more  ruinous  condition. 

On  the  morning  of  our  departure  from  this  interesting  region  I  rode 
from  our  camp  to  the  foot  of  the  bluff,  about  200  yards  below  Pu^lo 
Bonito,  to  examine  some  indications  of  human  handiwork, which  ap- 
peared in  a  crevice,  and  which  I  had  not  theretofore  noticed.  Behind 
an  immense  bowlder  which  concealed  the  lower  part  I  found  a  stairway 
built  into  a  narrow  opening  running  up  to  the  top  of  the  bluff ;  some  of 
the  steps  were  hewn  in  the  manner  already  described,  but  there  were 
others  formed  by  sticks  of  cedar  placed  side  by  side  wedged  firmly 
in  the  crevice.  Portions  had  decayed  and  fallen  out,  but  euoogh  re- 
mained to  enable  us  to  ascend.  When  once  npon  the  summit  we  had  a 
splendid  bird's-eye  view  of  the  Pueblo  Bonito,  it  being  almost  vertically 
l^neath  us,  and  were  thus  able  to  make  out  clearly  at  a  single  ^laoce 
its  irregular  and  complex  outlines.  The  most  important  result,  however, 
of  this  last  discovery  was  the  finding  of  a  series  of  water*pookets  in  a 
deep  crevice  in  the  bare,  rocky  surface  of  the  summit.  They  were  so 
hidden  from  casual  observation  that  one  might  pass  within  a  very  few  yards 
of  them  without  suspecting  their  presence.  In  these  were  tboosands  of 
gallons  of  clear,  cool,  sweet  water,  a  thing  we  had  Bet  seen  for  msjxj 
days,  and  what  vexed  us  the  most,  \i  was  discovered  tee  late  to  be  of 
any  more  use  than  for  a  single  draught  of  the  delickns  fluid.  Tkegr  aie 
deep  po^holes  so  situated  as  to  protect  the  oententB  almost  entirely 
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from  the  san's  rays,  and  the  bare  rocky  surface  all  about  them  is  so  de- 
naded  of  all  soil,  that  the  water  is  hardly  tainted  with  the  least  imparity. 
A  short  distance  below  these  pockets,  and  near  the  verge  of  the  blaff, 
there  had  evidently  been  other  and  larger  reservoirs  of  the  same  natare. 
The  Paeblo  Alto  is  directly  back  of  this  point  less  than  half  a  mile,  and 
it  was  from  here  that  the  people  probably  obtained  much  of  their  water. 

POTTERY. 

In  the  accompanying  plates  I  have  grouped  a  few  of  the  most  inter- 
<esting  examples  of  ancient  and  modern  pottery,  from  the  regions  cov- 
ered by  our  investigations.  The  ancient  ware,  as  shown  in  the  two  first 
plates,  represents  some  of  the  most  striking  examples  of  the  taste  and 
skill  in  ceramic  decoration  of  the  unknown  potters.  All  who  have  ever 
visited  the  region  of  the  ancient  ruins,  which  covers  all  of  New  Mexico 
and  Arizona,  and  portions  of  adjacent  territory,  have  been  impressed 
with  the  vast  quantities  of  shattered  pottery  scattered  over  the  whole 
land,  sometimes  where  not  even  a  ruin  now  remains,  its  more  enduring 
nature  enabling  it  to  long  outlive  all  other  examples  of  the  handiwork 
of  the  makers. 

PLATE  Lxnr. 

Fragments  of  painted  ware,  mostly  of  bowls  and  mugs,  and,  with  but 
one  exception,  from  the  south  side  of  the  San  Juan  River.  The  material 
is  generally  dark  gray,  sometimes  nearly  white  where  the  heat  has  been 
greatest,  and  is  hard  and  firm,  giving  a  clear  ringing  sound  when  struck. 
The  paste  shows  a  large  percentage  of  a  gritty  substance  resembling 
crushed  fragments  of  burnt  clay.  The  surface,  however,  is  generally 
quite  smooth,  with  a  glossy  appearance  in  some  instances,  much  resem- 
bling a  regular  glaze.  Upon  this  the  black  design  lies  without  any  per- 
ceptible wearing  away,  although  these  specimens  have  been  exposed  to 
all  the  disintegrating  infiueuces  of  soil  and  climate  for  centuries. 

The  pieces  marked  a  and  b  are  fragments  of  mugs,  about  4  inches 
diameter  and  from  4  to  5  inches  high,  sometimes  with  handles,  very 
much  like  an  ordinary  beer-mug  of  the  present  time.  All  the  other 
pieces,  with  the  exception  of  c  (see  also  Plate  XLV,  Fig.  8),  are  from 
bowls,  varying  from  13  inches  diameter  to  mere  cups  of  only  4  or  5 
inches  diameter.  <2  is  a  fragment  from  the  Chaco  Cafion.  See  Plate 
XLV,  Figs.  1,  2,  3,  and  4,  for  further  details  of  this  kind  of  pottery. 

PLATE  LXV. 

Ancient  Pottery.  Nos.  1  and  3  are  dippers  with  handles  broken  off; 
of  a  coarse,  gray  ware;  from  about  the  ruins  of  Montezuma  OaQon  ;  the 
first  being  found  upon  the  plateau  at  its  extreme  head.  No.  2  is  a  bowl 
that  was  found  buried  quite  deeply  near  the  ruins  in  Montezuma  OafLon, 
described  in  page  428.  Nos.  4  and  6  are  pitchers  from  a  grave  on  the 
banks  of  the  San  Juan  River,  near  the  mouth  of  the  Mancos.  The 
literal  reproduction  of  the  photographic  process  by  which  these  plates 
are  produced  renders  any  further  description  unnecessary.  No.  5  is  a 
small  jag,  minus  its  handle,  that  was  found  buried  among  the  ruins  of 
the  great  Cave  Town  on  the  De  Ohelly  (see  page  421).  It  is  as  symmet- 
rical in  its  outline  as  if  turned  upon  a  wheel,  and  the  design  is  traced 
upon  it  with  the  most  exact  precision. 
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PLATE  LXVL 

Pottery  from  the  Moqui  Paeblos.  Nos.  1,  2,  and  3  are  spoons  or 
ladles  from  Oaalpi,  decorated  in  black  and  red  npon  a  yellowish-white 
sarface.  No.  4  is  a  double  jug  with  an  interior  connection,  foand  in 
T^gna,  bnt  supposed,  however,  to  have  come  from  Znni.  No.  6  is  a  goard- 
like  jug,  from  Gualpi.  No.  5  is  a  dipper,  in  imitation  of  a  goard,  from 
Secbumevay.  The  handle  is  hollow,  and  is  used  in  lieu  of  a  fiinnel; 
after  filling  the  bowl  with  water  it  is  emptied  through  this  handle  into 
the  narrow  necks  of  the  water-jars  (see  Fig.  2,  Plate  LXIX). 

PLATE  LXVIL 

Basket  work,  and  wooden  images,  or  idols  from  the  Moqai  villages  of 
Oualpi  and  Secbumevay.  The  conventionalized  bunlan  face  and  fignre 
which  appears  on  the  basket,  occurs  frequently  in  other  forms  in  the 
decorative  art  of  the  Moquis. 

PLATE  LXVIII. 

Zimian  Pottery.  The  art  of  molding  earthen  vessels  in  the  shai^e 
of  owls,  ducks,  and  other  animal  forms  familiar  to  them,  seems  to  be 
confined  almost  exclusively  to  the  Indians  in  the  Pueblo  of  ZniiL 

PLATE  LXIX. 

Zuiiian  Pottery.  Nos.  1,  3,  4,  and  6  are  in  imitation  of  varioos  do- 
mestic fowls.  No.  2  is  a  miniature  model,  decorated,  of  the  kind  of 
water  jar  in  use  among  the  Moquis.  They  are  in  the  form  of  a  sphere, 
with  a  capacity  of  about  six  gallons,  flattened  slightly  on  one  side,  with 
a  narrow  bottle-like  mouth.  On  either  side  are  two  small  rings  or 
handles,  through  which  is  passed  a  small  shawl  or  like  piece  of  cloth^ 
long  enough  to  pass  over  the  forehead  and  to  suspend  the  jar  against 
the  back  just  below  the  shoulders.  This  mode  of  carrying  water  la  ten- 
dered necessary  by  the  precipitous  nature  of  the  pathways  that  lead  to 
their  springs.  All  the  other  Pueblo  Indians  carry  their  water  in  large^ 
wide-mouthed  jars,  upon  their  heads.  No.  5  is  a  common  form  of  pot- 
tery among  the  Zunians,  both  with  and  without  handles. 

PLATE  LXX. 

Zufiian  Pottery,  representing  an  owl,  an  eagle,  and  a  duck*  The 
pieces  shown  in  this  and  the  preceding  plate  were  loaned  for  the  pur- 
pose of  illustration,  by  Dr.  J.  Y.  Lauderdale,  post  surgeon  at  Fort  Win- 
gate,  who  found  them  at  Znni. 

PLATE  LXXI. 

The  central  figure  is  a  small  olla^  or  water- vessel,  such  as  are  in  use 
among  the  Pueblo  Indians  of  New  Mexico  for  carrying  water  npon  tbsir 
heads.  The  under  side  of  the  jar  has  a  concavity  which  fits  the  con- 
vexity of  the  head.  Small  pMs  or  cushions  are  also  made  for  the  aame 
end.  The  two  bowls  are  of  Moqui  manufacture,  from  T6gaa.  Moqai 
pottery  is  generally  inferior  to  that  of  the  other  pueblos,  being  more 
porous,  and  lacking  that  compactness  and  ringing  quality  that  is  notice- 
able in  the  ancient  ware,  and  in  that  which  is  made  in  Lagana  and 
some  of  the  other  pueblos.  In  decorative  ability,  however,  they  are  not 
at  all  inferior  to  the  others. 
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REPORT  OF  W.  J.  HOFFMAN,  M.  D. 


LETTER  OP  TEANSMITTAL. 

United  States  Oeolooioal  and  Qeoqratbioaxj 

Survey  of  the  Tebbitobies,^ 

Washinfftanf  D.  0.^  December  31, 1877. 

Sib  :  I  bave  the  honor  to  transmit  herewith  my  report  of  observations 
)on  a  cliff-dweller's  craninm,  fonnd  in  Ohaco  OaSion,  Few  Mexico,  by 
r.  W.  H.  Jackson,  at  a  depth  of  14  feet  beneath  the  surface,  lying  npon  a 
ratam  of  broken  pottery.  The  deposit  in  this  cafion  consists  of  alia- 
al  driffcy  in  which  are  several  arroyos  from  6  to  16  feet  deep,  by  the 
osion  of  which  the  lower  stratum  was  bronght  to  view. 

Very  respectftiUy,  your  obedient  servant, 

W.  J.  HOFFMAF,  M.  D- 
Dr.  P.  V.  HATBEir, 

United  Statei  Geologist  in  charge. 
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REPORT  ON  THE  CHACO  CRANIUM. 


By  W.  J.  Hoffman^  M,  D. 


be  discovery  of  a  skall  in  Ghaco  Oafion  (Northwestern  New  Mexico)| 
mging  to  the  race  which  we  recognize  as  the  cliff-dwellers  or  ancient  . 
iblos,  is  one  of  considerable  valae  and  interest.  Large  rains  in  ex- 
ent  state  of  preservation  occnr  in  this  valley,  on  as  gigantic  a  scale 
D  any  known  locality.  Human  remains,  in  this  region,  had  escaped 
ntion  nntil  last  season,  when  Mr.  W.  H.  Jackson  of  this  Survey,  insti- 
A  greater  search.  Ghaco  Gaiion,  at  the  point  under  consideration,  is 
it  500  yards  broad,  at  the  bottom  of  which  is  an  alluvial  deposit 
md  and  gravel,  deposited  here  by  the  spring  floods,  at  which  time, 
for  a  short  period  following,  there  is  water.  The  valley  contains 
erous  mined  pueblos,  extending  over  a  distance  of  about  six  miles 
I  the  two  extreme  buildings.  Near  the  Pueblo  del  Arroyo,  at  which 
Hty  the  skull  was  discovered,  the  wash  or  arroyo  had  cut  a  ditch. 
»t  in  depth.  This  wash  followed  the  valley  in  a  serpentine  course, 
il  ditches  or  streams  are  apt  to.  At  one  angle  of  the  bottom  of 
urroyo,  where  the  water  was  guided  to  the  left,  it  had  partly  under- 
d  the  embankment;  here,  at  a  depth  of  14  feet  below  the  sur- 
and  two  feet  above  the  bed  of  the  ravine,  is  exposed  to  view  a 
I  or  stratum  of  broken  pottery,  about  1^  inches  iu  depth.  At  this 
» the  skull  was  found,  which  will  be  described  farther  on.  Follow- 
this  stratum  drown  stream  (or  nearly  westward)  it  gradually 
ids  ontii  it  comes  to  within  a  distance  of  6  feet  of  the  surface.  A 
I  distance  above  this  appear  the  remains  of  an  ancient  founda-  , 
>r  stone  wall,  of  former  ruins.  This  terminates  within  a  short  dis- 
\  of  the  surface.  Other  similar  walls  appear  in  various  places 
;  the  arroyo,  iudicating  that  there  had  been  a  former  occupation  at 
re  remote  period,  than  the  time  of  construction  and  occupation 
to  more  recent  ruins,  which  are  literally  unknown.  Over  the 
Dt  sartlBM^,  which  completely  hides  these  ancient  monuments, 
Nittered  the  ruins,  which  are  known  as  the  pueblos.  Thiese  and 
iff-dwellings  are  supposed  to  have  been  constructed  and  inhabited 
b  same  people;  the  latter  having  been  built  on  account  of  the 
^ances  and  hostile  incursions  of  neighboring  tribes.  These  cliff- 
ngs  are  on  a  grander  scale  and  occupy  more  desirable  locations 
^oae  which  we  find  in  the  eastern  interior  of  Arizona,  which  came 
my  personal  observation.  In  the  latter  locality,  buildings  occu-  ' 
a  level  surface  are  rare  at  this  day.  Buins  are  abundant,  con- 
f  of  tbick  stone  walls,  upon  which  subsequent  adobe  dwellings 
mh  erected.  As  the  cliff-dwellings  predominate,  there  is  reason 
^pose  that  the  region  just  mentioned  formed  the  most  south- 
>rder  of  the  country  occupied  by  the  various  families  and  com- 
ies  composing  this  extinct  race,  and  for  that  reason  there  was 
yf  jpreater  security  against  surprise  from  enemies.    These  ruins 
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are  not  numerous  considering  the  amoant  of  relics  which  we  find, 
such  as  the  fragments  of  pottery,  flakes,  and  implements  and  weapcms, 
and  the  popalation  could  not  have  been  as  great  as  is  generally  sof 
posed,  but  on  the  contrary  it  is  the  resolt  of  a  prolonged  occnpatioD  tf 
the  soil.  Mr.  Jaoksoa  states  that  he  doe9  not  bdieve  the  popalation  of 
Ubaco  Oafion  to  have  exceeded  twenty-five  hundred  persons. 

The  fragments  of  pottery  found  in  the  stratum  in  this  caiLon  appear^ 
according  to  Mr.  Jackson's  observations,  to  have  been  covered  witi 
alluvial  drift  by  repeated  floods,  as  the  layers  from  above  dip  westwgid 
and  downward,  resting  unconformably  upon  the  stratum  of  potteit, 
The  sections  and  remains  of  stone  walls  are  in  good  preservation,  aod 
•do  not  appear  to  differ  from  those  of  the  surface.  The  fragments  of  poi- 
tery  examined  show  no  traces  of  having  been  subjected  to  the  aotioaof 
water  and  gravel,  but  appear  to  have  been  coTered  with  a  layer  of  esai 
and  gravel  within  a  comparatively  short  period.  A  few  pieces  up» 
which  the  broken  edges  appeal'  somewhat  rounded  and  worn,  &tB  in  ds 
wise  affected  upon  the  glazed  surfaces,  but  present  such 'an  appearana 
as  is  penoeptible  upon  ftiagments  which  have  been  exposed  upon  tbi 
upper  aurface.  The  only  material  di£ference  between  the  two  varletjei, 
t.  e.y  those  from  the  covered'  layer  and  those  ttom  the  suriboe  and  rndns, 
is  that  the  former  are  harder  and  better  bake^,  and  have  a  clear  linf 
ing  sound  when  lightly  struck  with  a  hard  body,  which  is  absent  to 
some  extent  in  the  latter.  The  designs  of  ornamentation  are  similar  i 
fundamental  structure. 

About  the  ruins  in  Arizona,  the  snrftcce  specimens  are  similar  to  those 
from  Chaco  Oafion,  but  among  them  we  find  numerous  remains  exhib- 
iting more  complex  designs  in  ornamentation,  and  mote  frequently  sped- 
mens  which  exhibit  none  at  all,  but  merely  indentations  and  cleanly  coS 
lines  done  by  means  of  a  sharp  pointed  instrument,  showing  not  oi^' 
as  high  a  state  of  cultivation  as  the  enamelled  ones,  but  also  that  thQ* 
were  made  in  less  time,  as  if  firom  fear  of  interruption.  ^ 

CRANIUM. 

Asymmetrical ;  apparently  that  of  a  female.  The  eruption  of  the  last 
molars  has  not  taken  place.  The  whole  of  the  cranial  cavity  is  coift- 
pletely  impacted  with  sand  and  gravel,  which  is  now  of  the  consisteiiee 
of  agglutinated  sandstone,  and  any  attempt  at  its  removal  would  proTe 
disastrous  to  the  tipecimen.  Since  its  discovery,  the  skull  has  received 
«ome  injury  in  -transportation,  breaking  off  the  superior  maxillary  boneB, 
and  as  the  faces  of  fracture  are  worn  and  rclbbed,  no  facial  angle  can  be 
obtained.  It  is  rather  brittle,  of  a  grayish  yellowish-brown  color,  and 
In  some  places  of  a  chalky  consistence.  The  out^  tables  are  rattier 
ihard.  The  ethmoid  line,  zygomatic  processes,  and  inferior  maxillait 
are  wanting.  The  termini  of  the  zygomatic  processes  indicate  them 
to  have  been  thin  and  slender.  A  facial  view  presents  a  narrow  fore- 
bead,  widening  upward  and  posteriorily,  giving  the  greatest  breadth 
across  the  bl<parietal  region ;  orbits  apparently  oval ;  nose  broad,  cofi- 
sidering  the  curvatures  of  the  inferior  portion  of  the  nasal  eminence  aad 
the  superior  anterior  portion  of  the  maxillary  bone.  Frontal  emineoeed 
coalesce,  and  retain  a  central  elevated  ridge  downward  to  the  nasal 
eminence,  which  is  rather  broad  and  prominent.  Sux>erciliary  ridges  aw 
very  slight,  containing  a  foramen  and  notch  over  the  left  orbit,  and  two 
foramina  over  the  right. 

The  most  striking  peculiarity  is  the  great  flattening  of  the  posterior 
portion  of  the  skull,  including  the  anterior  portion  of  the  occipital  aud 
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the  posterior  soperior  poitiona  of  the  parietal  bones ;  the  larger  portimi 
of  the  flatteoiiig  being  over  the  left  portion  of  t^is  region.  The  pjpessare 
appears  to  have  been  to  some  extent  from  the  left  side,  and  has  directed 
coDsiderobleinflneoce  upon  theanterior  portions  of  t^e  parietal  bones,  and 
the  sapenor  lateral  portions  of  the  os  frontis.  Taking  into  considefratioil 
the  curvatures  and  convexities,  snch  as  woald  be  prodaeed  by  any  at- 
tempts* at  flattening,  as  practiced  by  aboriginal  races,  I  do  not  believe 
it  to  have  been  post  mortem  deformation,  bat,  on  the  contrary,  an  exam* 
pie  of  a  former  eastern.  In  the  absence  of  a  complete  facial  straotnre, 
some  idea  can  be  obtained  by  taking  an  angle  of  measitrement  of  two 
lines,  one  crossing  the  flattened  surface  of  the  skull,  the  other  drawn 
from  the  nasal  eminence  upward^  over  the^  forehead,  which  is  pvetfy 
straight  to  that  point  between  the  frontal  emidenoes.  These  lines  in- 
tersect at  an  angle  (tf  27o.  The  frontal  bone,  behind  the  external  aa^o* 
lar  processes,  forms  a  moderately  d^p  groove,  which  intensifies  mlateri^ 
ally  as  it  continues  downward  over  the  spheumd;  This  is  mcHre  prodii* 
nent  upon  the  left  side  than  upon  the  right.  The  taberoles  of  the 
zygomatic  processes  are  prominenti  The  glenoid  fosB»  are  anasuaUy 
deep  and  well  defined*  The  antero-pesterior  diameter  of  the  foramen 
magnam  is -the  greatest^  this  being  due  to  the  existence  of  a  posterior 
notch,  from  the  middle  of  whieh  the  crest  takes  a  rather  irregalar  coarse 
upward  to  the  inferior  carved  lines^  which  are  rather  obseare.  The  crest 
is  prominent,  rather  sharp,  and  well  defined,  upon  either  side  of  which 
the  depressions  for  the  insertion  of  the  rectos  posticus  mi^or  and  rectus 
postieus  minor  muscles,  are  deep  and  remarkably  developed.  The  sope- 
rior carved  lines  are  deficient,  and  the  surfaces  fo^  the  insertion  of  the 
complexus  muscles  are  irregular,  and  decidedly  roogh  and  corrugated^ 

The  serration  of  the  sagittal  suiare  is  rather  coarse.  The  coronal 
sotnce  asat  recedes  toward  the  occiput  becomes  more  aisntely  developed, 
and  contains  several  small  Wormian  bones.  The  lambdoidal  suture  is 
remarkable  in  serration  and  for  the  width  which  it  occUpies«  Several 
Wormian  bones  of  large  siee  exist  in  the  left  portion  ;  in  the  right  they 
are  not  so  large  but  more  intricate  in  serration.  The  extreme  length 
of  the  largest  one,  extending  from  the  anterioi^  angle  of  the  occipital 
bone  toward  the  left,  measures  1.12  inches. 

As  there  is  some  tendency  to  expansion  of  the  mass  of  sand  contained' 
within  the  cranial  cavity,  the  sutures  have  separated  slightly.  In  mak< 
ing  the  following  measurements,  due  allowance  has  been  given  for  this, 
and  the  measurements,  Although  only  relative  in  several  instances,  are 
safiiciently  accurate  for  all  purposes. 

Inehes< 

Length 6.20 

Bilwrfetsl  diHHiiHMr 5.58 

Frootiil  diameter,  aretkdeflrt « 4.75 

Frontal  diameter,  Teaet 3.50 

Vertical* 5,13 

Hbricpntal  periphery 18.90 

The  measurements  can  only  be  gi^en  in  part,  as  many  of  the  protufoer- 
ancee  have  been  removed  in  transportation.  In  fact,  some  of  the  cellu- 
lar portions  of  the  base  of  the  skull  are  impacted  with  sand,  a  proof  that 
decay  occurred  even  while  in  the  drifti  The  sand  is  dry,  as  it  is  in  all 
canons,  in  the  regions  where  cliff-remains  and  pueblos  are  foand,  during 
the  greater  part  of  the  year.  Spring  floods  are  of  comparatively  short 
daration,  and  what  little  water  remains  in  the  arroyos  and  pools  soon 
evaporates  or  disappears  in  the  porous  alluvial  sand.    That  the  coantry 

*  Taken  from  the  anterior  margin  of  foramen  magnam  to  the  posterior  termination 
of  the  first  third  of  the  coronal  rature. 
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was  agriealtarally  good,  well  watered  and  wooded,  we  have  proof  from  a 
mere  glimpse.  Since  the  climatic  change  it  is  not  fit  to  support  lite  in  thf 
great  majority  of  cases.  This  change  has  been  attributed  to  geologica 
causes.  In  this  I  do  not  fdlly  agree.  In  Arizona  are  remains  of  arroyo» 
abont  40  feet  above  the  present  level  of  any  streams,  by  which  the  agri- 
cnltaral  regions  were  irrigated. 

In  tracing  np  these  remains,  we  find  them  to  have  originated  in  val- 
leys from  10  to  18  miles  away,  where  there  was  an  abundance  of  water 
at  one  time,  as  the  pebbles  and  ronnded  bowlders  show.  These  have 
long  since  dried  ap.  In  nearly  every  locality  we  find  evidence  of  a  time 
when  water  was  abundant. 

It  is  natural  to  suppose  that  a  community,  however  large  or  small, 
must  in  time  cut  away  the  timber,  both  for  building  and  as  faeL  This 
thoughtless  or  negligent  debosoatian  must  eventually  affect  the  soil  and 
annual  rainfall.  Aqueous  precipitation  decreases  year  by  year,  springs 
and  streams  begin  to  dry  up  and  disappear,  until  there  is  not  enough  fat 
ordinary  consumption.  These  statements  ar^  made  ^m  direct  observa- 
tion of  the  physical  features  of  the  cliff-dwellers'  country,  and  the  results 
of  cutting  away  forests  and  woods  in  other  localities,  and  I  suppose  1  wfii 
be  borne  out  in  my  belief  that  the  gradual  depopulation  of  the  oountiy 
under  discussion  was  due,  indirectly,  to  their  own  ignorance  or  thoagh^ 
lessness,  as  much  as  it  was  to  the  influence  of  hostile  neighbors.  The 
latter  they  had  in  any  number,  if  we  can  take  into  consideratioQ  the 
positions  of  their  architectural  remains,  but  when  a  country  is  getting 
poorer  and  poorer,  and  the  outside  annoyances  are  greater  than  a  posses- 
sion of  the  soil  is  worth  defending,  we  can  very  readily  understand  what 
would  be  the  final  result. 

In  connection  with  the  skull  there  was  one  bone  found,  apparently 
belonging  to  the  Tetraonidw.    The  bone  has  not  been  further  identified. 

Dr.  £e88els  seems  to  think  the  present  Pueblos  are  a  remnant  of  the 
ancient  race  of  Pueblos  or  Gliff-Dwellers.*  He  bases  his  hypotheses 
upon  the  similarity  in  architectural  and  ceramic  remains.  The  crania 
which  he  describes  in  his  report  present  occipital  flattening,  but  not 
in  so  marked  a  degree  as  exists  in  the  Ghaco  cranium.  This  head- 
flattening  is  practised  by  various  tribes  of  aborigines  in  the  Columbia 
Biver  region,  but  south  of  that  we  lose  all  trace  of  it  until  we  reach  the 
northern  portion  of  the  country  formerly  included  in  the  Mexican  region. 
It  has  been  supposed  by  various  prominent  ethnologists  and  old  writers 
that  there  had  been  in  remote  times,  a  migration  towards  the  regions 
in  various  directions  northward  from  Mexico.  In'  time  a  return  is  traced, 
some  assuming  Aztlan  to  have  been  the  point  of  departure,  while  a 
large  and  long-continued  influx  of  people  came  firom  a  country  or  king- 
dom in  the  northeast.  Language  has  left  its  imprint  among  variooa 
existing  races,  and  we  find  great  aflinity  between  that  of  the  Natchei, 
who  formerly  occupied  the  lower  portion  of  the  Mississippi  Valley,  and 
the  Mayas.  Oreater  radical  af&nity  is  observable  among  many  of  the 
tribes  scattered  southward  through  Mexico  into  Central  America,  and 
similar  customs  to  a  remarkable  degree  can  be  traced.  The  head-flatten- 
ing is  also  found  to  have  existed,  to  more  or  less  extent,  among  some 
of  the  Peruvians,  Caribs,  Mexicans,  and  Natchez.  In  comparisons  made 
with  specimens  at  the  Army  Medical  Museum,  we  can  observe  more  or 
less  similarity. 

Dr.  Mortont  figures  several  crania,  the  measurements  of  which  I  give 

*Ba1.  U.  S.  Qeolog.  and  Qeograph.  Survey  of  the  Tenitoriee,  VoL  n,  1876,  pp.  47* 
63  PH.  23-29. 
iCrania  Americana,  8.  G.  Morton,  M.  D.,  Philadelphia  1839. 
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to  illustrate  tbe  general  comparison.  Occipital  flattening  is  remarkably 
prominent,  and  I  give  the  numbers  in  their  order  of  nearest  approach 
to  the  Ghaco  sknll,  as  regards  shape,  bearing  in  mind  that  the  latter  is, 
to  all  appearance,  that  of  a  yoang  female,  and  consequently  somewhat 
smaller  Uian  the  cranium  of  a  male  would  measure.      ^ 

The  first  is  the  skull  of  a  Natchez,  pU.  20,  21 ;  the  second  and  third 
of  Fames  (Mexican),  pi.  17a,  and  Mexican,  pi.  17 ;  and  the  fourth  a  Mexi- 
can, pL  18. 


LITfttohes 

9l  Pames  iMez.) 

SLHejdcan 

<lfiaxioaa 

&ChaooskuU.. 


&1> 

e.8 
e.4 
e.so 


6.0 
S.5 
6.58 


i 
a 


4.6 
4.3 
4.6 
4.5 
*4.75 


t 
e 


f 


5l1 

5.9 

6. 

5.4 

&13 


I 
I 

3 

I 

n 


19.6 

19. 

19.9 

80.3 

1&90 


I 


tt 


17.6 
17.1 
1&3 
17.5 
16.91 


*  Greatest  diameter,  as  in  the  others. 

4 

The  general  measurements  and  results  are  closely  related,  and  might 
be  more  so  had  we  a  skull  of  a  mature  adult,  and  of  known  sex.  There 
appears  to  have  been  some  relationship  between  the  ancient  Oliff-Dwell- 
era  and  the  modem  Pueblos,  and  finally  the  Aztecs  or  Mexicans,  at  or 
before  the  time  of  the  Spanish  conquest.  The  general  designs  in  orna- 
mentation appear  traceable  in  the  Aztec  pottery,  and  the  ruins  at 
Mitla,  only  in  a  higher  state  of  cultivation.  At  the  latter  the  designs 
have  appeared  upon  the  walls  of  Ihe  ruined  temple  and  upon  a  grander 
scale.  The  Aztec  traditions  of  a  northwest  origin  are  strongly  in  favor 
of  such  a  hypothesis,  beside  numerous  arguments  which  might  be 
brought  to  bear  upon  the  subject. 

The  accompanying  sketches  illustrate  the  appearance  and  outlines  of 
the  various  positions  of  the  cranium. 
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LETTBB  OF  TEANSMITTAL. 

Office  of  TTnitbd  Statbs  OEOLoaioAL  and 

OEOaRAPHIOAL  SUBVET  OP  THE  TEBBITOBIES, 

Waakingtanj  D.  0.j  December  31, 1877. 

Sm:  I  have  the  honor  to  transmit  herewith  a  report  upon  Ethno* 
j^phic  Observations  upon  several  of  Uie  aboriginal  tribes  and  sab-tribes 
inhabiting  the  western  and  southwestern  portions  of  the  United  States. 
Very  respectftdly.  yon  obedient  servant. 

WALTEE  J.  HOFFMAN,  M.  D. 
Dr.  F.  V.  Haybbn, 

United  Btatee  QeologM  in  charge. 
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MISCELLANEOUS  ETHNOGRAPHIC  OBSERVATIONS  ON  INDIANS 
INHABITING  NEVADA,  CALIFORNIA,  AND  ARIZONA. 


By  W.  J.  HOFFMAK,  M.  D. 


INTRODUCTION. 

The  materials  and  data  for  the  accompanying  remarks  I  collected 
chiefly  in  Nevada,  Oalifomia,  and  Arizona,  while  attached  to  the  United 
States  Geographical  and  G^logical  Snrvey  west  of  the  one  hundredth 
meridian  in  1871-^72,  as  surgeon  and  naturalist.  Since  then,  valuable 
notes  have  been  received,  for  which  due  credit  has  been  given.  Fre- 
quent allusions  to  the  Dakotas  are  made  merely  for  the  purpose  of  illus- 
trating corresponding  or  differing  customs.  Observations  were  made 
in  the  country  of  the  latter  during  the  years  1872-^73.  The  tribes  vis- 
ited in  1871,  are  located  and  nam^  as  follows : 

1.  Shoshonees,  Pah-Utes,  Nevada. 

2.  Pah-Utes,  Galifomia. 

3.  Seviches,  Hualpais,  Mojaves,  Apach6  Mojaves,  Apachd  Goyot^ro, 
Apachfe  Arivapah,  Pimas,  Maricopas,  Yumas,  Arizona. 

The  Shoshonees  occupy  the  upper  interior  of  Nevada,  thence  south- 
ward, between  the  regions  inhabited  by  small  bands  of  various  sub- 
tribes  of  Pah-Utes,  as  far  as  Grapevine  Springs  in  Armagosa  Desert, 
northwest  of  Spring  Mountain,  about  latitude  115^  4(y  west,  and  latitude 
37^  north.  Very  little  of  the  southern  XK>rtion  is  fit  for  the  Indians,  for 
raising  com,  melons,  &c.,  and  it  is  seldom  any  are  found,  excepting  in 
small  ravines  or  valleys  along  the  mountain  sides,  where  a  few  fam- 
ilies may  be  found  in  temporary  camps.  The  Pah-Utes  are  cut  up  into 
various  bands,  each  under  the  direction  of  their  chiefs,  but  entirely  inde- 
pendent of  one  another  unless  when  they  unite  in  defence  against  a  com- 
mon foe.  The  Seviches  and  Hualpais  are  but  semi-civilized  and  are  not 
inclined  to  go  to  any  regions  occupied  by  the  whites.  They  occupy 
the  western  and  northwestern  edges  of  the  Golorado  Plateau.  Im- 
mediately south  and  southwest  of  the  latter  are  the  Apaohd  Mojaves,  a 
semi-hostile  wandering  band.  They  are  now  drawing  more  toward  Gamp 
Yerde  as  a  centre. 

Little  need  to  be  said  of  the  wandering  hordes  of  Apachte  who  roam 
over  the  interior  and  southeastern  portions  of  Arizona.  Their  cruelty 
to  prisoners  is  unequalled  anywhere.  They  practise  at  times  the  most 
barbarous  and  inconceivable  modes  of  torture  upon  their  victims ;  and  in 
this  respect  they  are  not  unlike  their  former  neighbors,  the  Mexicans.* 
The  Mojaves  and  the  Tumas  are  both  located  upon  the  Golorado  Biver, 
the  latter  below  the  mouth  of  the  Gila,  and  the  former  about  300  miles 
above.  The  Pimas,  Marieopas,  and  several  others  are  located  at  various 
points  along  the  Gila  Biver  in  the  vicinity  of  ancient  remains,  a  promi- 
nent ruin  of  which  is  known  as  ''  la  Gasa  Grande."  These  have  been 
described  by  various  writers,  and  require  no  notice  here. 

*  Bemal  Diaz.  &,c.,  J.  J.  Lockhart,  vol.  ii,  p.  89.  Loodon,  1844. 
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The  different  articlea  have  been  placed  aoder  diflPerent  heads  for  the 
sake  of  convenienoe,  a  complete  history  being  saperfiaons  and  nnneoee- 
sary ;  sach  notes  only  being  treated  in  detail  as  were  considered  of  more 
importanoe  and  more  frequeoUy  passed  over  by  others  who  haTe  visited 
the  regions  nnder  consideration. 

The  following  remarks  have  been  classified  and  arranged  under  tbe 
following  titles : 

1.  Dress,  pastimes,  &c. 

2.  Food. 

3.  Fire. 

4.  Utensils  and  weapons. 

5.  Medicine  and  incantations. 

6.  Disposition  of  the  dead. 

7.  Stone  circles  and  signals. 

8.  Pottery  and  pictographs. 

9.  Buins. 

1.  Dress,  pahtimes,  &o. 

The  clothing  of  the  tribes  need  not  be  deseribed  in  deteil,  as  this  has 
been  frequently  and  ably  done.  The  Apacbte  in  Oentral  Arizona,  the 
Hualpais  and  the  Seviches.  prepare  deer^skins  by  smoking  with  rotten 
cedar  or  juniper  wood^  after  having  been  subjected  to  the  usual  mode  of 
cleansing  and  preparation.  The  skins  are  generally  of  a  yellowish-red 
to  a  reddish-brown  color.  The  women  are  usually  better  clothed  than 
the  men,  owing  to  a  latent  sense  of  modesty  which  has  not  and  will 
perhaps  never  be  thoroughly  radicated.  The  Mojave  women  use  a  very 
neat  style  of  petticoat,  made  of  strips  of  the  inner  bark  of  the  cotton- 
wood,  tied  about  tbe  waist  and  lalling  down  to  the  knees  or  a  short 
distance  below,  with  a  protrusion  behind  in  the  form  of  the  modern 
bustle,  upon  which  the  children  frequently  sit  astxide  when  too  yomg 
to  run  unassisted.  The  Apacb^  women  carry  their  infants  tied  upon 
frames  covered  with  thongs,  similar  to  the  Dakotas.  The  male  popida- 
tion  of  nearly  all  tribes  are  known  to  devote  a  considerable  time  to 
games  of  chsinee  and  other  pastimes. 

The  Mojaves  are  very  fond  of  a  simple  game  played  by  ihree  or  four, 
in  whioh  five  small  heaps  of  sand  are  formed,  when  the  player  hides  a 
etiokan  one  of  the  piles,  singing  during  the  time  as  an  aeoompanimeDt. 
The  rest  of  the  players  then  guess  at  the  pile  containing  lihe  stick,  stak- 
ing vimous  trinkets,  money,  or  other  articles  upon  the  result.  ^The 
Ooyot^ro  Apaebis  manofaoture  very  nice  cards,  about  the  si«e  of  an 
ordinary  playing^oard,  from  tanned  herse-hide,  upon  whioh  they  draw 
various  figures,  lines,  or  characters  in  various  colors,  lesembliiig  to 
some  extent  the  ruder  styles  of  Mexican  montd  cards. 

Lieutenant  Whipple*  in  sx>eaking  of  the  Mojavessays,  ^^Some  of  fte 
young  men  selected  a  level  iipot,  forty  paces  in  lengtt,  for  a  play'Croond, 
and  amused  themselves  in  their  fi^vorite  sport  with  hoop  and  polee. 
The  Ikoep  is  six  inches  in  diameter,  made  of  an  elastic  cord.  The  poles 
are  strai^^  and  'about  fifteen  feet  in  lengtAi.  Boiling  tkt^  hoop  fromooe 
end  of  the  eourae,  two  persons  chase  it  half  way,  and  at  the  same  in- 
stant  throw  their  poles.  He  who  succeeds  in  piereing  the  hoep  witts 
the  csme." 

The  Ooyotteo  Apaehis  play  this  game  in  nearly  the  same  maBner. 
A  perfectly  level  piece  of  ground  is  selected,  which  is  afterward 

*  Pac.  R.  R.  Rep.,  vol.  iii,  1656,  p.  114. 
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fbr  this  game  only.  A  distanoe  of  abont  25  paces  is  murked  off,  having 
a>  width  of  aboat  4  feet.  Two  play  the  ^ame,  and  the  necessary  ma- 
terials regoired  are  a  pole  for  each  of  the  players,  and  a  hoop  made  of 
a.  branch  of  tough  wood  nearly  an  inch  thick,  which  is  formed  into  a 
ring  having  a  diameter  of  about  6  or  7  incites.  This  is  sometimes 
-wrapped  with  raw-hide  or  sinew.  Then  there  are  two  cords  ranning 
borizontally  across  the  inner  space,  crossing  two  similar  ones  attached 
irerticallyy  giving  the  middle  the  appearance  of  the  cross-wires  in  an 
engineer's  tranmt.  The  poles  are  each  aboat  15  feet  long,  consisting  of 
Bpuced  pieces  of  cottonwood,  aboat  the  general  appearance,  finally,  of 
a  good-sized  fishing-rod,  with  the  thin  end  slightly  tomM  upward. 
When  the  players  are  ready,  they  take  their  positions  at  one  end  of  the 
coarse,  one  of  them  placing  his  forefinger  on  the  x>«ripliery  of  the  hoop, 
and  grasping  the  sides  with  his  thumb  and  fingers.  The  hoop  is  rolled 
so  as  to  reach  the  outer  end  of  the  course,  and  as  it  reaches  half  way 
the  distance  the  players  start  abreast,  pushing  the  poles  on  the  ground 
before  them.  When  they  reach  the  middle  of  the  course  the  poles  arc 
pushed  ahead  so  as  to  try  to  penetrate  the  hoop,  or  any  segment  of  it 
(caused  by  the  cords),  the  game  resulting  upon  previous  agreements  as 
to  what  was  required  in  counting.  This  is  repeated  £rom  the  end  where 
the  first  attempt  terminated,  and  continued  for  hours.  I  have  seen  men 
lose  blankets,  horses,  bows,  and  arrows,  and  in  fact  almost  anything  of 
which  they  were  possessors.  I  do  not  recollect  the  name  of  this  game  ^ 
nor  is  this  of  as  much  importance  as  the  existence  of  the  game  itself. 

The  Abb6  Em  Domenech*  describes  a  game  of  this  character  as  ob- 
served in  the  extreme  western  portion  of  the  continent. 

Catlint  gives  a  description  of  the  TchungJcee  game  as  one  of  the 
amusements  of  the  Mandans4  This  was  played  with  a  stone  ring  2  or 
3  inches  in  diameter. 

Adair§  desoribas  the  uationf^l  gaipe  of  the  Cberokees  under  the  name 
of  chunghe^  and  gives  a  detailed  desoriptiou. 

Jones  II  says,  ^^The  great  game  upon  which  the  Southern  Indians 
staked  both  personal  reputation  and.  property  was  the  ckungke  gameP 
DaPiats,  ^  Btackepridge,**  Lewis  and  01arke,tt  Toroer^t  oi^d  Morgan  §§ 
notice  -tins  game  among  different  tribes.  It  has  pretty  geneially  dis- 
l^p^peared,  and,  as  far  as  I  am  able  to  learn,  it  is  played  to-day,  with 
some  sU^t  modification,  only  by  the  Apacb^s.  Since  tho  manufacture 
of  stone  ornaments  and  in^plemidats  generally  has  been  discontinued 
owing  to  the  eneroachments  of  civilisation,  wood  aod  o^her  mate- 
rials are  substituted,  saving  thereby  a  vast  amount  of  time  and  labor,  of 
w,hicb  aborigines  are  always  ready  to  av^il  themselves  if  possible. 

■'■■  .      ■  /      ■■■■■.. 

*  Seveii  Yesn'  S«8iilmce  ia  the  Gxest  DMerto^of  $7ovth  Ammgay  vol.  ii,  p.  id7.    Lond., 

tIUTBS..af  the  ICmumts,  Cuetoms,  aad  CoQditionB  of  the  N.  Amerioiui  Xndinofi,  etc^ 
lath  £d.,  mil.  I,  p.  132,  pK  59.    Lood.,  18G6. 

X  Prince  Maximilian  also  notioed  this'  among  the  Mandans  and  4faii«<arie«.  <  TraveU 
in  the  Isteriar  of  Korth  A.merioa.    London.    1843.    p.  358. 

i  Biat.  tff  the  Aa).  IndiaaBy.eto.,  p.  401  •(  aMf.    Lond.,  1775. 

H  Antiq.  of  the  Southern  Indians,  1873,  p.  96. 

f  History  of  Loaisiaiia,  l?eO,  p.  8^. 

**  Views  of  Tiftnlniana,  pp.  855,^256. 

tt  Levis  and  Clai:ke7(hy  Paul  Allen),  P^iiladelphia,  1814,  vol.  i,,p.  143. 

n  Traits  of  Indian  Character,  vol.  ii,  1836,  p.  168. 

i Extracted  (in  substance)  ftom  Halliday  Jackson's  "  CiTiU^ation  ot  the  Xndiaiw*''! 
fThiid  An.  fiep.  of  the  fi<«eiktaof  the  Univ.  of  N.  Y.,  1850,  p.  81. 


464      REPOBT  UNITED  STATES  GEOLOGICAL  SUBYET. 

Bartram*  observed  this  game  among  the  Greeks,  and  calls  it  <*  chunky- 
yard." 

The  only  dances  which  I  had  an  opportonity  of  witnessing  were 
among  the  Shoshonees  and  Goyotero  Apachte.  There  is  no  peculiar 
feature  in  that  of  the  former,  their  style  of  accompaniment  being  the 
same  monotonoos  dramming  and  singing  as  witnessed  among  variouB 
other  tribes  east  of  the  Bocky  Moantains.  The  Apachd  dance  was  the 
occasion  of  a  gathering  for  the  purpose  of  disposing  of  a  qoantity  of 
^^  mezcal  whisky."  At  this  dance  it  was  the  custom  for  the  ApacM 
maidens  to  go  around  and  select  their  partners.  When  the  festivities 
had  been  continued  until  toward  midnight,  the  dance  terminated  at 
the  appearance  of  four  masked  Indians  entering  the  circle  from  the 
four  cardinal  points  and  taking  a  ^^  hop-around."  The  liquor  was  then 
disposed  of,  when  the  crowd  dispersed  very  boisterously.  Sabsequent 
transactions  must  be  omitted,  although  they  are  of  ethnographic  valaSi 
I  may  here  state  that  prostitution  was  formerly  punished  by  cutting 
off  the  tip  of  the  criminal's  nosct  Tbis  applies  only  to  the  female,  as 
the  male  was  rather  honored  for  the  conquest. 

Dr.  Smart,  United  States  Army,  says  that  he  saw  women  who  had 
the  cartilaginous  portion  of  the  nose  cut  off,  and  this  was  apparent  onlj 
amongst  those  who  had  any  pretensions  to  beauty.}  Maidens  are 
known  by  having  some  of  the  hair  over  the  ears  wrapped  in  brass 
wire  in  the  form  of  coils.  This  peculiar  custom  was  sJso  practiced 
among  various  tribes  southward  as  far  as  the  Isthmus  of  Panama. 

Marriage  or  the  selection  of  a  bride  is  rather  an  amusing  custom  when 
compared  with  similar  usages  in  civilized  life.  Frequently  one  sees  two 
parallel  rows  of  stones  along  prominent  footpaths  or  trails,  which  indi- 

*  Bartram's  Travels  in  N.  and  S.  Carolina,  etc.,  Philadelphia,  1791 ;  London,  2  vols 
1794 ;  Paris,  an.  vii  (2  vols). 

The  CoohanoB  CYomas)  also  played  this  game,  known  then  as  MO-igip ;  in  Spaniib, 
redondo,     <£mory's  Report  U.  8.  Mexican  Boundary  Snrvev,  vol.  i,  p.  111. 

The  ChoctawB  played  the  ohnnke  g»mB,  It  was  called  "  mnning  hard  labor''  bf 
9ome  of  the  traders.  <History  of  Alabama,  etc.,  A.  J.  Pickett,  Charleston^  toL  i, 
Ibol,  pp.  141, 143. 

The  Cherokees  were  also  very  fond  of  the  ohnnke  eame.     <A«  J.  Prickett,  Mdem, 

tin  his  allusion  to  this  custom  as  practiced  by  the  Gomanches,  Gragff  says:  '^Ths 
husband  seems  to  have  complete  power  over  the  destinies  of  his  wife  and  children.  For 
adultery,  his  punishment  is  most  usually  to  cut  off  the  nose  or  ears,  or  both ;  and  he 
may  even  take  the  life  of  his  unfaithful  wife  with  impunity.  The  sqnaw  who  has 
been  mutilated  for  such  a  course  is  ip$o  faelo  divorced,  and,  it  is  said,  for  ever  preoliided 
from  marrying  again."  <Commeroe  of  the  Prairies,  etc..  New  York,  1844,  voL  it,  pp> 
30tf,309. 

'*  Las  faltas  conjugales  no  se  castigan  por  la  primara  vez ;  pero  &  la  segnndo  el 
marido  corta  la  punta  de  la  nariz  a  su  infid  esposa,  y  la  despida  de  sa  lado."  <Bevi8ts 
Cientifica,  vol.  i,  p.  57. 

[Quoted  from  Bancroft's  Native  Races  (author's  copy),  vol.  i,  1874,  p.  515.] 

Mr.  Gregg  also  states  that  "this  custom  prevails  among  the  Creeks  to  the  present 
day,  and  was  anciently  practiced  by  other  southern  nations.  'Among  the  Miamisf,  eayi 
Fattier  Charlevoix,  'the  husband  has  a  right  to  cut  off  his  wife's  nose  if  she  nms  away 
•  from  him.' "    JMd.,  p.  306. 

Bancroft  says  that  in  Itztepec  (Mexico)  "  the  guilty  woman's  husband  eat  off  ber 
ears  and  nose,  thus  branding  her  as  infamous  for  life."  <Nat.  Eacea  of  the  Pao.  Btateii 
1875,  vol.  ii,  p.  466. 

[Las  Casas.    Hist.  Apolog^tica,  MS.,  cap.  ccxiii ;  Mendieta  «fti  Mp.] 

**Among  the  Miztecs,  when  extenuating  circumstances  could  be  proved,  the  puoish- 
ment  of  death  was  commuted  to  mutilation  of  ears,  nose,  and  lipe.^  <Baaoro&'^  Nat 
Kaces,  etc,  187.'>,  vol.  ii,  p.  466. 

[Herrera,  Hist.  Gen.,  dec  iii,  lib.  ili,  cap.  xii.]  _ 

This  practice  appears  also  among  the  Indians  inhabiting  Florida.  <Conoi8e  Hiatecy 
of  East  and  West  Florida,  Captain  Romans,  1775,  p.  96. 

;Notes  on  the  "Tonto"  Apache     <Smith.  Rep.  1867,  pp.  417-419. 
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c^ite  that  at  a  previons  time  somo  anxious  lover  frequented  the  locality 
to  learn  bis  fate. 

When  an  Apachd  Indian  has  made  bis  selection  from  among  the  maid- 
ens of  his  tribe,  be  watches  her  most  frequented  trail,  upon  which  slie 
leaves  camp  for  the  purpose  of  gathering  berries,  grass-seed,  or  other  food. 
She  becomes  aware  of  the  intentions  of  the  young  warrior  through  the 
same  means  known  to  the  sex  <^all  the  world  over,''  and  is  prepared  to 
accept  or  reject  bis  proposal,  which  remains  an  unspoken  one.  For  the 
furtherance  of  his  object,  the  Indian  visits  a  secluded  spot  through  which 
the  trail  in  question  passes,  places  a  row  of  stones  on  both  sides  of  it  for 
a  distance  of  ten  or  fifteen  paces.  He  then  allows  himself  to  be  seen  by 
the  maiden  before  she  leaves  camp,  and  running  ahead,  hides  himself  in 
the  immediate  vicinity  of  the  rows  of  stones.  If  she  avoids  them  by 
passing  to  the  outside  it  is  a  refusal ;  but  should  she  continue  on  her 
traiU  and  pass  between  the  two  rows,  he  immediately  rushes  out,  catches 
her,  and    •    •    •    takes  her  triumphantly  to  camp. 

If  a  white  man  or  a  Mexioan  wishes  to  obtain  a  wife  through  the  regu- 
lar channel,  he  is  required  to  deposit  an  amount  of  money  or  horses  and 
blankets  with  the  girPs  father  for  the  period  of  one  year.  If  at  the  end 
of  that  time  the  lover  should  be  of  the  same  opinion,  he  takes  his  bride 
and  receives  the  articles  deposited  in  return  with  her.  The  shortest 
and  simplest  method  usually  pursued  by  strangers  is,  to  take  the  woman 
of  his  choice  and  leave  the  district  until  the  ire  of  an  infuriated  parent 
has  subsided. 

2.  Food. 

Some  of  the  tribes  will  adhere  to  the  most  disgusting  varieties  of  food, 
in  spite  of  the  partial  advantages  of  civilization  with  which  they  come 
in  contact  Under  no  consideration  can  any  of  them  be  induced  to  taste 
vinegar  a  second  time.  Some  of  the  Shoshonees  obtain  some  food  from 
settlements,  but  subsist  chiefly  upon  what  game  and  fish  they  can  secure 
in  addition  to  lizards,  grasshoppers,  etc.  During  the  summer  they  all 
engage  in  hunting  for  plants  which  furnish  a  tuberous  root,  known  to 
them  as  the  yam-bi-tsi.  *  Their  mode  of  preparing  grasshoppers  is  in 
this  wise:  a  fire  is  built  covering  an  area  of  from  20  to  30  feet  square, 
and  as  the  material  is  consumed  to  coals  and  ashes,  all  the  Indians  start 
oot  and  form  an  extensive  circle,  driving  the  grasshoppers  with  blankets 
or  bunches  of  brush  toward  the  centre,  where  they  are  scorched  or  dis- 
abled, when  they  are  collected,  dried,  and  ground  into  meal.  With  the 
addition  of  a  small  quantity  of  water  this  is  worked  and  kneaded  into 
dough,  formed  into  small  cakes,  and  baked  in  the  sand  under  a  fire. 

Generally  ground  grass-seed  is  mixed  with  water,  f  baked,  and  eaten 
alone,  but  frequently  it  is  mixed  with  this  insect  flour,  giving  it  a  better 
consistence.  The  Pah-Utes  on  the  banks  of  the  Colorado  liiver  use  this 
sort  of  food  more  generally  than  the  Shoshonees.  The  latter  raise  some 
corn,  melons,  and  musk-melons,  and  store  great  quantities  of  pifiou  nuts, 
when  in  season.  The  Pah-Utes  in  the  southwestern  portion  of  Nevada, 
and  even  across  the  line  into  California,  consume  the  larvsB  of  flies  found 

*  Tam-pa  or  Yanl-pah.    Fremont  gives  this  in  his  report  as  Anetkum  graveohns, 

t  The  natives  in  the  interior  of  Australia  have  a  similar  custom  of  eating  a  paste 

made  of  ji^oand  grass-beed,  Panicum  larinode.    It  is  described  afl  sweet  and  palatable. 

<  *'  Tropioal  Australia,"  Mitchell,  London,  p.  98.  L Jour.  Anthrop.  Instit.,  vol.  vii,  No.  1, 

1377,  p.  4.  (Loudon).] 
The  Congarre  [Queensland]  also  grind  grasses  between  two  stones,  and  then  make 

it  into  a  sort  of  damper.    They  have  no  word  for  flour.    See  ^'  Aboriginal  Dialects  of 

Queeusland.    H.  Barlow."  <  Jour.  Anthrop.  Institute,  vol.  ii,  1873,  p.  174. 

30  G 
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upon  the  borders  of  some  <<  alkali  ^  lakes.  *  The  organic  matter  washed 
ashore  is  soon  covered  with  flies,  where  they  deposit  their  eggR ;  there 
being  not  snfiQcient  noarishment  for  all  the  worms,  some  die,  when  more 
eggs  are  deposited,  and  so  on  ad  infinitum,  until  there  is  a  belt  of  swarm- 
iDg,  writhing  worms  from  2  to  4  feet  broau,  and  from  an  inch  to  3  inches 
in  depth.  This  was  the  exact  condition  on  the  shore  of  Owens's  Lake, 
California,  in  August,  which  appears  to  be  the  favorable  seassou.  At 
such  localities  the  Indians  congregate,  scoop  up  and  pack  all  tbat  can 
be  transported  for  present  and  fnture  use.  When  thoroughly  dried,  it 
is  ground  into  meal,  and  prepared  and  eaten  as  by  the  Shoshonees.  t 

The  Seviches  and  Hualpais  are  as  filthy  in  their  tastes  as  the  Pah- 
Utes.  Although  game  is  not  scare  on  the  Colorado  Plateau,,  they  are 
often  unable  to  secure  suflicient  for  their  wants,  on  account  of  the  small 
number  of  horses  in  their  possession,  and  the  general  absence  of  fire- 
arms. They  always  prefer  the  entrails  to  the  meat  of  an  ante]o|)e  or 
deer,  and  they  cannot  be  persuaded  to  part  with  the  former  under  any 
conditions.  The  fruit  of  several  species  of  Opuntia,  grass-seed,  gophers, 
dried  lizards,  grasshoppers,  and  other  large  insects  arc  eaten  with  appar- 
ent relish. 

A  Hualpal  woman  appeared  perfectly  contented  in  eating  a  half-decom- 
posed gopher,  and,  when  offered,  politely  refused  a  small  dish  of  canned 
peaches. 

Many  of  the  Hualpais  warriors  besmear  their  faces  and  bodies  with  the 
blood  of  a  freshly  killed  antelope,  then  spread  their  fingers  and  draw 
them  over  the  face  so  as  to  leave  it  striped.  Where  the  skin  is  thos 
exposed  it  retains  its  natural  dusky  hue;  but  when  the  blood  dries  and 
falls  off,  the  bleached  surfaces  are  exposed,  giving  the  object  a  hideoas 
aspect. 

The  Apaches,  generally,  are  an  unsettled  race,  and  live  upon  such 
game  and  fruit  as  they  may  be  able  to  procure.  The  snbtribe  of  Coy- 
ot^ros,  living  about  Camp  Apach^,  were  dependent  upon  the  issues 
served  them  by  the  government.  They  were  furnished  a  certain  nnmber 
of  head  of  cattle  every  week,  which  were  driven  away  to  their  slaughter- 
ing-ground, where  the  warriors  would  cut  the  ham-strings  of  the  animal, 
slit  open  the  abdomen,  and  tear  out  the  entrails  and  devour  them  when 
still  warm,  often  merely  pressing  out  the  contents  with  their  fingers. 
None  of  these  delicacies  (!)  are  ever  offered  the  women,  who  must  be  con- 
tented with  their  allowance  of  plain  meat.  This  custom  extends  also  to 
other  tribes.  | 

Their  use  of  the  "  mezcal "  or  maguay  plant  is  well  known.§  They 
prepare  an  intoxicating  beverage  from  the  "  heart"  or  centre  of  the  un- 
opened cluster  of  leaves,  by  first  making  a  circular  depression  in  tbe 
ground  and  lining  it  with  stones,  when  a  fire  is  built  into  it  until  per- 
fectly heated ;  the  mezcal  is  then  piled  into  this  receptacle,  covered  over 
with  stones  and  earth,  when  another  fire  is  built  over  the  surface  and 
kept  up  until  the  cores  are  thoroughly  cooked.  This  may  last  from 
three  to  fifteen  days,  the  time  depending  upon  the  quantity  to  be  pre- 
pared. When  the  roots  have  been  thoroughly  cooked  they  are  of  a 
semi-gelatinous  consistence;  they  are  then  crushed  in  vessels  made  for 

*  Often  a  scam  of  organic  matter  is  foand  around  tbe  margin  of  alkali  lakes,  which 
results,  in  part,  from  dead  fisb,  who  have  come  down  from  the  streams  and  were  OTer- 
come  by  the  alkalinity  and  periahed.  I  presume  this  to  be  one  reason,  as  skdetons  are 
not  of  ancommon  occurence. 

i  See  also  "  Rep.  Explor.  Exped.  (Rocky  Mts.  1S42,  Oregon  and  North  CaL  1843-44.) 
By  Bvt.  Capt.  J.  C.  Frdmont,  1845,  p.  154. 

J  Conimerco  of  tlie  Prairies,  Gregg,  New  York,  1844,  vol.  ii,  p.  296. 

^  See  also  Pac.  R.  R.  Rep.,  vol.  iv,  p.  9. 
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this  purpose,  the  liquor  is  poared  off  into  other  vessels,  where  it  is  kept 
until  fermentation  sets  in,  when  they  call  together  the  tribe  or  band  and 
have  a  dance,  which  resnlts  in  a  drunken  and  obscene  carousal. 

The  Pimos,  Maricopas,  and  others  living  on  the  Oiia  Biver  prepare 
a  similar  drink  from  the  fruit  of  the  Cereua  giganteus  and  several  other 
Cacti.    Horse  or  mule  flesh  is  always  a  desirable  ^^  tit-bit"  if  obtainable. 

3.  "Fire. 

At  Belmont,  Nevada,  I  found  a  small  rancUei'ia  of  Shoshonees,  who 
informed  me  that  previous  to  the  development  of  the  mines  or  the  ad- 
vent of  the  whites  they  were  obliged  to  keep  on  hand  a  supply  of  dry 
wood  and  pine  knots  for  the  purpose  of  igniting  and  transporting  fire, 
as  the  art  of  making  it  was  unknown  to  them.  This  appeared  remark- 
able, and  I  made  inquiry  among  those  of  the  settlers  who  had  been 
there  longest.  The  Ganfield  Brothers,  who  were  superintendents  of  the 
New  York  Mining  Company,  verified  the  statement  so  far  that  they  al- 
ways saw  the  Indians  keeping  up  perpetual  camp-fires,  and  when  on  a 
short  march  would  transport  burning  brands,  which  they  guarded  with 
the  most  jealous  care.    Women  were  usually  detailed  for  this  duty. 

Captain  Sitgreaves*  says:  "The  custom  still  prevails  among  them 
(MojavesJ  of  carrying  a  firebrand  in  the  hand  in  cold  weather,  which  is 
mentioned  in  the  account  of  Coronado's  expedition  in  1540,  and  induced 
those  discoverers  to  give  to  the  river  the  njimeof  Rio  del  Tizon."  Whether 
this  custom  is  still  practiced  I  am  unable  to  say.  The  Apaches  near 
Tucson  never  move  about  at  night  unless  armed  with  a  brand  or  torch. 
This  is  induced  both  through  fear  and  superstition. 

4.  Utensils  and  weapons. 

But  lew  articles  are  manufactured  of  stone  at  the  present  day  by  any 
of  the  tribes  under  consideration,  as  they  have,  to  a  greater  or  lesser 
extent,  availed  themselves  of  the  advantages  offered  by  enterprising 
suttlers  and  traders.  Pipes  made  at  Yankton  and  Sioux  City,  Dak.,  of 
the  red  pipe-stone  (catlinite)  have  found  their  way  to  Nevada  through 
these  channels  and  through  the  Crows,  with  whom  the  Shoshonees  are 
ui>on  friendly  terms.  Most  of  the  Indians  obtain  the  common  ^^plug" 
tobacco,  which  they  cut  up  and  mix  with  the  inner  bark  of  the  Red 
Osier.  In  the  southern  region  of  Nevada  I  have  seen  the  dried  leaves 
of  Kieotiana  attenuata  (Torr.)  used  in  the  pipe.  The  Seviches,  when  they 
can  obtain  paper,  are  fond  of  making  cigarettes,  a  custom  learned  from 
the  Indians  who  come  in  contact  with  the  Mexicans. 

Most  of  the  PahUtes  grind  their  corn  and  grass  seed  on  flattened 
stones  with  pestles,  and,  in  some  instances,  with  metlatls.  f  Baking 
IS  done  under  a  layer  of  sand,  upon  which  a  fire  is  built,  as  with 
the  Mojaves,  PahUtes,  and  some  of  the  Shoshonees,  and  others.  The 
manufacture  of  stone  arrow-heads  is  still  carried  on  by  the  Coyotero 
Apachfes.  Various  species  of  siliceous  materials  are  employed.  The 
triangular  shape  is  characteristic  of  this  tribe.  The  dart  is  fastened  to 
the  shaft  by  means  of  a  dark  reddish-brown  vegetable  gum  and  sinew 

^Rep.  Esped.  Znni  and  Colorado  River,  Capt.  L.  Sitgreaves,  Wash.,  1833,  p.  18. 
tThe  word  metate  has  been  generally  used,  bnc  as  it  is  of  Azteo  origin  and  slightly 
€ormptcd,  I  pro])ose  to  nse  the  proper  term,  metlatl,  as  above.    The  metal  pile  is  gener- 
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threads,  which  are  brought  forward  over  the  two  basal  apices,  above 
which  there  are  usually  two  slight  notches  for  their  reception.  Frag- 
ments of  so-called  porter-bottles  are  frequently  utilized  in  the  manafac- 
ture  of  arrow-heads,  making  an  efifectnal  but  brittle  weapon.  There  is 
no  question  but  that  these  Indians  sometimes  poison  some  of  their  arrows. 
I  have  been  shown  arrows,  and  have  had  them  offered  me,  which  tbe 
owners  informed  me  were  poisoned,  so  that  I  should  be  careful  in  hand- 
ling them.  Dr.  Soule,  elsewhere  referred  to,  informs  me  of  the  same 
fact ;  and  Dr.  Elliott  Ooues,  of  the  Army,  who  has  had  ample  experieoce 
in  treating  arrow- wounds,  informs  me  of  a  case  which  he  had  every  rea- 
son to  believe  to  have  been  caused  by  a  poisoned  one.*  Stevens  says:t 
^'  The  arrow-heads  of  the  Shoshonees  of  North  America,  said  to  be  poisoned, 
are  tied  on  purposely  with  gut  in  such  a  manner  as  to  remain  when  the 
shaft  is  withdrawn."  This  may  have  been  the  custom,  but  I  have  not 
heard  of  it  as  being  in  practice  now. 

The  Pah-Utes  of  Owen's  Valley,  Cal.,  and  of  Southwestern  Nevada 
sometimes  employ  chert  and  ^< bottle-glass"  arrow-heads.  That  they  do 
not  utilize  the  obsidian  found  in  large  quantities  east  of  Siver  Peak  and 
Bed  Mountain,  Nevada,  is  rather  singular,  although  this  locality  is  well- 
known  to  them.  A  variety  of  red  obsidian  occurs  in  the  upper  extrem- 
ity of  Owen's  Valley,  which  Mr.  Partz  subjected  to  partial  analysis 
several  years  ago,  and  was  inclined  to  attribute  the  color  due  to  sub- 
oxide of  copper.  The  same  gentleman  says  he  has  found  bowlders  of 
black  obsidian  several  miles  south  of  Mono  Lake,  which  would  weigh 
from  100  to  150  pounds. 

The  Mqjaves  are  to  some  extent  possessors  of  firearms,  though  bows 
and  arrows  are  frequently  seen.  A  principal  weapon  in  hand-to-hand 
encounters  is  a  club,  with  which  nearly  every  warrior  is  armed.  These 
are  known  to  the  settlers  under  the  unpoetical  appellation  of  potato- 
mashers.  The  sharp  ends  of  broken  bayonets,  or  some  which  they  ob- 
tain at  the  military  stations,  are  fitted  to  long  poles,  and  used  as  lances 
or  spears.  The  Apaches  use  similar  weapons  when  the  necessary 
points  can  be  obtained. 

The  Seviches  in  the  northwestern  portion  of  theColorado  Plateau  stiD 
manufacture  stone  arrow-heads.  Among  this  tribe  I  saw  one  made  of 
gold-bearing  quartz,  in  which  were  several  fine  viens  of  the  native 
metal.  All  efforts  to  discover  the  origin  of  the  specimen  or  the  locality 
where  it  had  been  obtained  proved  fruitless. 

The  Shoshonees  use  stone  arrow-heads  very  rarely.  The  typical  form 
was  triangular,  and  not  knife-shaped,  as  is  stated  in  Jones's  report.} 
The  question  is  with  what  tribe  did  this  peculiar  form  ongiuate  as  a  typ- 

ally  in  the  form  of  a  rolling-pin,  an  elongated  oyllndrical  stone,  tapering  toward  both 
ends,  but  as  the  pestle  was  a  rare  form  for  the  southwestern  tribes  to  use,  I  have  figured 
it  instead  of  the  common  metalpile.  This  form  of  pestles  was  very  common  among  the 
Delawares  in  Pennsylvania.  The  Aztecs  used  the  metlatl  of  nearly  the  same  form  as  is 
found  to-day  among  the  Pah-Utes  and  other  tribes  in  Nevada  and  Arizona.  Tylor  says 
^'The  metate  is  a  sort  of  little  table,  hewn  oat  of  basalt,  with  four  little  feet,  aod  its 
surface  is  curved  from  tbe  ends  to  the  middle.'^  Tylor's  Anahoao,  London,  1861,  p> 
SS.  In  Appendix,  p.  336,  he  gives  the  word  as  from  the  Aztec.  The  manner  of  using 
is  illustrated  on  plate  facing  p.  201  (q.  v). 

*  Med.  and  Surg,  lieporter,  vol.  xiv.  No.  17,  pp.  321-324.  A  paper,  by  the  author  of 
the  present  article,  entitled  *' Notes  on  Poisoned  Arrows,"  was  read'b?  Dr.  Cones, 
U.  S.  A.,  before  the  Phil.  Soc,  Wash.,  D.  C,  Jan.  5, 1877,  which  was  afterward  pub- 
lished in  the  "Daily  Rocky  Mt.  News,"  Denver,  Col.,  Jan.  17,  1878. 

t  Flint  Chips.    Ed.  T.  Stevens,  Loudon,  1870,  p.  260. 

tKep.  upon  the  Recoun.  of  Western  Wvoming,  including  Yellowstone  Nat.  VATKt 
Wra.  A.  Jones,  U.  S.  Engrs.,  Wash.,  l^^T'),  p.'2(>4  (lig.). 
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ical  one  ?  Daring  the  season  of  1872-'73  I  made  thorough  examinations 
of  the  bone  and  sand  heaps,  known  at  the  locality  where  they  were 
found  (Grand  Eiver,  Dakota  Territory)  as  the  "  Old  Ree  Villages,''  dar- 
ing which  I  foond  first  one  of  black  hornstone  mixed  np  with  nnmerons 
fragments  and  splinters  of  mammalian  bones  and  pieces  of  pottery ;  and 
afterward  learned  of  the  existence  of  nnmeroas  specimens  of  this  form. 
Evidently  the  one  figared  in  the  report  above  named  was  transported 
tbrough  aboriginal  barter,  or  the  shape  may  have  been  copied  after 
having  seen  those  among  the  Arickarees.  Specimens  of  nearly  this 
form  are  frequently  foand  in  the  old  ^^  workshops,"  or  arrow-makers' 
camps,  in  various  sections  of  the  country,  which  appear  to  be  mere 
coincidences.  The  Shoshonees  sometimes  manufacture  their  own  fish- 
hooks, by  taking  a  splinter  of  bone  and  attaching  another  and  a  smaller 
piece  at  one  end,  at  an  angle  of  about  40^,  by  means  of  silver  threads. 
For  catching  the  larger  salmon  trout  with  which  Maggie  Greek,  Inde- 
pendence Creek,  and  the  Owyhee  abound  they  answer  the  purpose  very 
well. 

5.    Medicine  and  incantations. 

As  a  rule,  the  aborigines  have  immense  faith  in  the  imaginary  super- 
natural power  of  a  favored  few.  Those  who  are  so  entrusted  with  the 
temporal  welfare  of  the  tribe  usually  abuse  that  confidence  and  become 
rogues,  if  they  are  not  already  the  most  scheming  villains,  through  which 
tact  and  craftiness  they  generally  attain  the  position  of  an  acknowledged 
^^medicine-man."  Many  of  the  chiefs  secure  and  retain  their  authorita- 
tive and  undisputed  control  of  their  respective  bands  merely  because 
they  are  more  domineering  in  disposition,  which  is  backed  up  by  a  lim- 
ited amount  of  courage,  so  that  they  are,  to  a  great  extent,  obeyed  and 
looked  upon  with  reverence  and  awe.  Under  such  circumstances  I  found 
the  Seviches.  One  man  appeared  the  centre,  from  which,  a  short  time 
previous,  emanated  all  plans  and  schemes  for  the  adoption  and  prosecu- 
tion of  the  tribe.  His  power  was  admitted,  but  what  should  cause  such 
implicit  obedience?  His  mismanagement  finally  broke  the  charm,  and 
he  fell  to  the  level  of  the  common  herd.  The  reason  of  his  influence  was 
attributed  to  various  sources,  one  of  which  I  submit  for  what  it  is  worth. 
The  story  may  or  may  not  have  originated  with  the  Indians,  but  when 
they  were  questioned  regarding  their  having  been  duped,  they  neither 
admitted  the  fact  nor  denied  it,  which  would  seem  that  there  must  have 
been  a  cause  for  something. 

Charles  Spencer,  an  interpreter,  who  had  for  many  years  been  connected 
with  the  mail-service,  gave  me  the  following  narration  :  This  chief  was  of 
humble  birth,  and  as  he  had  great  desire  to  become  a  <^  medicine-man," 
he  waited  until  an  opportunity  presented  itself.  A  custom  which  had 
always  been  in  practice  in  the  tribe  required  a  ^^  doctor"  to  specify  in 
advance  the  number  of  days  required  lor  the  recovery  of  his  patient. 
Failing  in  this  three  times,  t.  e.,  should  the  patient,  on  the  contrary,  die, 
the  life  of  the  medical  man  paid  the  penalty.*    The  would-be  chief,  fear- 

*  Sir  John  Lubbock  tays  the  Macas  Indians  (Eqnador)  have  doctors,  whose  remedies, 
however,  are  mainlyi  if  not  entirely,  mag:ioal.  If  they  fail  to  effect  a  care,  they  are 
sometimes  put  to  death  themselves.     <Jour.  Anthrop.  lustitat.,  vol.  lii,  1874,  p.  31. 

[Note  on  the  Maoas  Indians  (Eqnador).] 

Lientenant  Musters,  R.  N.,  says  "  The  position  of  wizard  or  doctor  [ Ahonicanka,  or 
Tchonek—Patagonians  proper]  is  not  a  very  desirable  one,  as  in  the  event  of  his  prog- 
nosticating a  success  in  a  war  expedition,  or  cessation  in  sickness,  or  any  other  event, 
which  is  not  realized,  the  chief  will  not  unfrequently  have  him  killed.''  On  the  Racea 
of  Patagonia.     <  Joar.  Anthrop.  Instit.,  vol.  i,  1871,  pp.  193-207. 
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iDg  tbe  worst  iipoD  such  a  trial,  decided  to  attempt  a  new  form  of  iatimi- 
dation.  He  aDDoanced  that  he  was  ballet-proof,  and  offered  to  idlow 
auy  Indian  to  shoot  at  him  at  a  respectable  distance,  provided,  always^ 
that  he  be  permitted  to  load  the  gun.  The  trick  was  a  success,  which 
depended  upon  this  reason,  that  in  casting  the  bullets  a  piece  of  paper 
was  laid  in  the  mould  so  as  to  cut  the  metal  into  hemispheres.  When 
the  metal  and  paper  were  removed  from  the  mould,  the  two  pieces  of 
lead  were  placed  together  and  the  edges  pressed  down  with  the  back  t)f 
a  knife  so  as  to  cause  sufficient  lapping  to  make  them  adhere.  la  load- 
ing, these  were  separated,  and  the  fragments,  on  account  of  their  semi- 
spherical  proportions,  diverged  sufficiently  to  cause  no  special  danger  to 
the  one  fired  at.  After  awhile  the  deception  became  known,  wheo  the 
tribe  demanded  the  enforcement  of  the  old  usage.  So  when  a  patient 
was  submitted  to  his  charge,  he  would  almost  invariably  prophesy  a 
fatal  termination  upon  a  given  day.  During  this  time  infusions  were 
administered,  which  were  no  doubt  harmless ;  but  should  the  patient 
show  signs  of  recovery  when  death  had  been  prophesied,  another  iufasion 
was  substituted,  which  terminated  to  the  credit  of  the  ^'doctor."  This 
trickery  was  discovered,  but  the  very  audacity  of  the  perpetrator  saved 
his  life. 

It  is  next  to  impossible  for  a  tribe  so  low  in  the  scale  of  civilization 
to  have  so  much  judgment  in  matters  of  this  sort,  and  I  therefore  do  not 
claim  that  much  credence  can  be  placed  upon  the  tale  as  given. 

I  was  Informed  but  a  short  time  since  by  Mr.  Partz,  of  California,  that 
during  a  recent  outbreak  of  smallpox  among  the  Pah-Utes,  of  Owen'e< 
Valley,  California,  and  Southwestern  Nevada,  many  members  of  affected 
families  were  secretly  put  out  of  the  way,  as  the  disease  is  considered 
a  curse,  and  the  sooner  the  afflicted  family  is  disposed  of  the  sooner  will 
the  evil  be  removed.  In  what  manner  the  victims  disappeared  cannot 
be  discovered ;  sufficient  is  it  to  know  that  they  have  forever  left  their 
terrestrial  haunts. 

I  witnessed  a  cure  for  colic  in  a  Mojave  which  had  been  induced  by 
eating  an  over  quantity  of  horse-flesh.  A  Pah-Ute,  from  Bio  Virgen, 
presented  himself  as  a  ^^  medicine-man"  who,  for  the  fee  of  one  blanket, 
offered  to  remove  the  evil  spirit.  The  patient  was  laid  upon  the  saod 
face  downwards,  when  the  Pah-Ute  placed  one  of  his  feet  upon  the  for- 
mer's back,  over  the  afflicted  spot ;  then  pressing  it  gently  as  if  he  were 
kneading  it,  he  would  accompany  the  movement  with  a  mournful  chant, 
grasping  the  while  at  an  imaginary  object  near  his  patient  and  pretend- 
ing to  throw  it  violently  into  the  air.  After  this  had  been  continued  for 
nearly  an  hour,  he  rolled  the  patient  over  on  his  back,  taking  the  head 
and  shoulders  into  his  arms  and  sang,  rocking  himself  from  side  to  side, 
repeating  short  phrases,  and  exorcising  the  spirit  to  leaver  then  after  a 
time,  ho  would  return  to  his  former  manner  of  treatment  with  renewed 
vigor  until  about  three  hours  had  been  consumed.  When  the  Mojave 
considered  himself  relieved,  the  Pah-Ute  received  his  pay  and  departed. 
During  this  performance  great  silence  was  observed,  and  we  "  who  were 
not  of  them''  were  frequently  admonished  for  lau^ghing. 

The  Mojaves,  since  the  arrival  of  the  United  States  troops  and  the 
floating  element  which  usually  precedes  civilization,  have  been  fearfully 
afflicted  with  venereal  diseases.  These  Indians  are  not  noted  for  strict 
adherence  to  marital  vows  or  laws,  neither  are  the  girls  for  chastity,  thus 
affording  an  opportunity  for  remarkable  and  rapid  progress  of  disease, 
which  has  been  doing  more  toward  the  gradual  extinction  of  the  race 
than  all  other  causes  combined.  They  claim  to  gain  relief  in  taking 
certaiu  quantities  of  the  saline  offloresccuces  which  occur  on  the  dry, 
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maddy  banks  of  the  Colorado  Biver.  This  efflorescence  consists  chiefly 
of  the  following  ingredients:  sodiam  chloride,  magnesium  chloride,  and 
sodium  sulphate,  with  which  the  water  is  largely  impregnated,  and  which 
are  left  by  the  evaporation  of  the  water  during  summer  and  autumn. 
!N'o  salutary  effects  caa  be  derived  from  this  in  the  hands  of  the  Indians, 
aud  Dr.  Stirling,  post  surgeon  at  Gamp  Mojave,  says  he  has  never  seen 
any  perceptible  benefit  during  his  residence  there. 

The  Apacbi^  Mojaves  and  Coyotferos  employ  several  varieties  of  herbs 
and  barks  which  I  was  unable  to  identify  owing  to  the  dried,  crushed, 
and  semi -pulverulent  condition  in  which  I  saw  them.  Dr.  Loew*  says 
that  the  bark  of  Populvs  tremuUndes  is  used  by  the  Indians  as  a  remedy 
against  fever  and  ague,  though  to  what  tribes  in  particular  this  state- 
ment refers,  is  not  stated 

Dr.  Milan  Soul6,  who  was  for  several  years  post  surgeon  at  Camp 
Apache,  informed  me  that  the  Coyot^ros  were  in  the  habit  of  tying  their 
women  who  were  in  labor  against  a  tree  with  the  hands  above  the  head, 
and  left  in  this  position  until  the  child  was  born.  He  says  this  cruelty 
does  not  appear  to  affect  them  in  any  perceptible  manner,  as  they  are 
a  mach  shorter  time  in  resuming  their  usual  avocations  than  the  most 
robnst  white  woman  that  he  has  known. 

The  Coyotferos  employ  a  splint  in  fractures  and  gunshot  injuries  of 
the  extremities,  which  is  well  worth  noting.  The  appliance  which  I  was 
shown  had  been  used  by  a  warrior  in  a  case  of  comminuted  fracture  of 
the  middle  third  of  the  left  humerus.  It  consisted  of  twelve  or  fifteen 
small  strips  of  cedar  wood,  each  of  which  was  about  a  quarter  of  an 
inch  thick,  three-fourths  of  an  inch  wide,  and  from  6  to  8  inches  long. 
About  one  inch  and  a  half  from  the  ends  the  slats  were  secured  by 
means  of  their  sinew  bands,  so  as  to  leave  intervening  spaces  of  about  a 
quarter  of  an  inch.  The  splint  was  then  fitted  around  the  arm  and 
drawn  taut  by  meabs  of  the  loose  sinew  ends  and  tied.  Through  the 
spaces  water  could  be  applied  to  the  wound  without  injury  to  the  ap- 
pliance, aud  a  free  discharge  was  likewise  secured. 

6.  Disposition  of  the  dead. 

The  Shoshonees  of  the  upper  pprtion  of  Kevada  are  not  known  to  have 
at  any  time  practised  cremation.  In  Independence  Valley,  under  a  de- 
serted and  demolished  tmckeup  or  ^^  brush  tent,"  I  found  the  dried-up 
corpse  of  a  boy  about  twelve  years  of  age.  The  body  had  been  here 
for  at  least  six  weeks,  according  to  information  received,  and  presented 
a  shrivelled  and  hideous  appearance.  The  dryness  of  the  atmosphere 
prevented  decomposition.  The  Indians  in  this  region  usually  leave  the 
body  when  life  terminates,  merely  throwing  over  it  such  rubbish  as  may 
be  at  hand,  or  the  remains  of  their  primitive  shelter  tents,  which  are 
mostly  composed  of  small  branches,  leaves,  grass,  &c. 

The  Pah-Utes  in  California  just  west  of  Columbus,  Nov.,  are  not  known 
to  pmctise  cremation.  Mr.  Julius  Partz,  of  Partzwick,  Cal.,  says  that 
during  his  residence  of  twelve  years  he  has  not  been  able  to  obtain  any 
information  that  they  do  or  ever  did.  Mr.  Wetherill,  who  has  spent 
twenty  years  in  that  region  af&rms  the  statement.  They  bury  their 
dead  in  a  grave  about  4  or  5  feet  deep,  depositing  with  the  body  small 
quantities  of  seeds,  fruit,  and,  when  possible,  several  coins.  My  halt  of  a 
tew  hours  was  not  sufiicient  to  obtain  much  information,  and  none  from 
personal  observation. 

•  Loew'sLiat  of  Plants  of  Med.  and  Tech.  Use.  <  U.  S.  Geograph.  Surv.  West  of  100th 
Mer.,  vol.  iii,  p.  60^. 
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The  Pah-Utes,  knowD  as  tfao  Cottonwood,  Com  Greek^  Spring  Moun- 
taiD,  aud  Pah-rimp  Spring  Indians,  cremate  their  dead.*  The  following 
extract  bas  allnsion  to  the  Spring  Moantaio  Pah-ITtes,  which  descriptios 
answers  for  the  others : 

*'  The  tract  of  country  alluded  to,  as  oocopied  by  this  sab-tribe  of  Pah- 
Utes,  lies  between  115o  and  115^35'  west  longitude,  and  latitude  nortia 
350and3GO;  Spring  Mountain  being  their  stronghold,  and  is  located 
just  north  of  the  ^old  Spanish  Trail.'  By  means  of  an  interpreter,  I 
obtained  the  following  information :  Upon  the  death  of  one  of  these 
Indians,  a  pile  of  wood  is  prepared  in  the  immediate  vicinity ;  this  is  80 
arranged  as  to  form  a  rectangle,  to  the  height  of  from  2  to  3  feet.  The 
corpse  is  laid  upon  this,  when  the  fire  is  started,  after  which  wood  is 
continually  thrown  across  the  pile  until  the  body  is  reduced  as  much  as 
possible.  Mesquite,  piue,  and  cedar  is  usually  employed,  and  forms  ex- 
cellent coals  and  an  intense  heat.  All  the  remaining  property-^is 
wearing  apparel,  arms,  blankets,  dogs,  and  horse  (if  the  deceased  pos- 
sessed any ) — ^is  also  burn  t.  These  last-named  valuables,  I  have  no  doubt, 
mny  be  represented  to  have  been  burnt,  as  the  number  of  horses  amoog 
the  tribe  is  very  small.  Although,  according  to  their  belief,  when  an 
Indian  dies  his  spirit  goes  to  the  East,  which  they  consider  the  ^  WhiU 
man's  hunting  ground,'  and  where  he  would  be  unable  to  hunt  were 
his  spirit  deprived  of  these  valuable  aids.  The  remains  are  then  eaverri 
Kiih  earth,  whether  really  buried  I  could  not  ascertain." 

Since  the  above  was  written  I  have  been  informed  that  the  ashes  are 
;;athered,  placed  into  a  piece  of  cloth  or  blanket,  and  buried. 

It  appears  singular  that  two  subtribes  of  one  nation,  speaking  the 
8iune  language  or  dialect,  should  vary  so  much  in  such  an  important 
1  ite.  By  way  of  illustration  and  to  show  some  additional  points  of  inter- 
est connected  with  this  subject,  I  will  briefly  allude  to  the  mode  prac- 
tised by  the  Pah- Utes  at  Marysville,  Cal.  As  soon  as  an  Indian  is  t^Q 
Hick  all  the  rest  of  the  band  remove  their  effects  a  short  distance  to  a 
temporary  encampment.  The  sufferer  is  left  in  his  tent  or  wickeup,  where 
he  is  constantly  supplied  with  food  and  other  necessaries  by  one  or  more 
of  bis  relatives  or  friends.  If  death  ensues,  the  corpse  is  wrapped  in  a 
blanket  and  tied  with  ropes  made  of  grass,  so  as  to  straighten  the  body 
as  much  as  possible.  Pine  wood  is  then  collected,  a  pile  erected  about 
8  feet  long,  4  feet  broad,  and  from  2  to  4  feet  in  height,  the  quantity 
taken  being  sufficient  to  consume  the  body.  All  the  members  of  tbe 
band  (personal  enemies  excepted)  then  form  a  circle  around  the  pile, 
upon  which  the  pall-bearers  have  deposited  the  corpse;  the  pile  is  ignited, 
and  as  the  whole  is  being  consumed,  the  widow  or  widower,  as  the  case 
may  be,  advances  and  besmears  the  face  with  tbe  black  exudation  whidi 
results  ft'om  the  blood,  grease,  and  resin,  intimating  that  no  offers  of 
marriage  will  be  received  or  given  as  long  as  any  traces  remain  thereof; 
the  ashes  of  the  body  are  then  carefully  collected,  put  into  a  small  bag 
made  of  rushes  or  a  piece  of  cloth  or  blanket,  and  buiiedin  a^aitable 
locality  in  the  neighborhood. 

The  Mojaves,  at  Camp  Mojave,  on  the  Colorado  Biver,  Arisona^  boty 
their  dead  in  the  sandy  hills  six  or  seven  miles  northeast  of  t^  oeltte- 
ment.  They  never  bury  their  dead  on  the  western  side  of  the  river,  as 
they  consider  that  region — especially  the  mountain-peaks — ttie  abode  of 
the  souls  of  bad  Indians  and  evil  spirits.  The  reason  of  this  supersti- 
tion can  no  doubt  be  attributed  to  the  following.  Most  of  the  elevated 
points  of  land  are  daily  subjected  to  severe  showers,  accompanied  by 

*  Pah  Uto  Cremation.    Read  before  the  Am.  Phil.  Soc,  Dec.  4th,  1874.    [W.  J.  H.] 
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the  most  terrific  electrical  displays.  Tbe  hot  air  of  the  sarroanding 
valleys  and  deserts  ascends  the  moaDtain-sides,  where  it  condenses  by 
•coming  in  contact  with  a  cooler  mediam,  forming  vapor  which  finally 
descends  in  copious  precipitation.  These  showers  are  nearly  of  daily 
occarrenoe,  bat,  owing  to  the  sandy  and  poroas  nature  of  the  soil,  the 
water  is  instantly  absorbed,  and  but  little  reaches  the  base  of  the  moun- 
tains over  the  surface.  The  Indians  being  naturally  stiperstitious,  such 
terrific  but  short  storms,  attended  with  extraordinary  flashes  of  light- 
ning and  the  continued  rumbling  sounds  of  thunder  in  one  locality,  are  to 
them  inexplicable,  and  they  therefore  attribute  it  to  incensed  gods  and 
evil  beings. 

The  Goyotferos,  upon  the  death  of  a  member  of  the  tribe,  partially  wrap 
-up  the  corpse  and  deposit  it  into  the  cavity  left  by  the  removal  of  a  small 
rock  or  the  stump  of  a  tree ;  after  the  body  has  been  crammed  into  the 
amallest  possible  space  the  rock  or  stump  is  again  rolled  into  its  former 
position,  when  a  number  of  stones  are  placed  around  the  base  to  keep 
oat  the  eoyotfes.  The  nearest  of  kin  usually  mourn  for  the  period  of 
one  month,  during  that  time  giving  utterance  at  Intervals  to  the  most 
dismal  lamentations  which  are  apparently  sincere.  During  the  day 
this  obligation  is  frequently  nef^ected  or  forgotten,  but  when  the 
^mourner  is  reminded  of  his  duty  he  renews  his  howling  with  evident  in- 
terest. This  custom  of  mourning  for  the  period  of  thirty  days  corres- 
ponds to  that  formerly  observed  by  the  Natchez.* 

7.  Stone  circles  and  signals. 

On  the  trail  leading  from  Eureka  southward  towards  Hot  Spring 
Gafion  and  Belmont,  Nev.,  I  saw  at  various  localities  the  remains  of 
stone  circles  which  had  been  placed  there  by  the  Shoshonees.  The 
ranges  of  mountains  and  foot-hills  generally  are  covered  with  piilon 
pines  (Pinus  eduliSj  Engelm.),  and  the  Indians  who  occupy  small  patches 
of  soil  for  permanent  encampments  are  in  the  habit  of  selecting  suita- 
ble places  along  the  foot-trails  for  gathering  the  fruit  of  this  tree  and 
storing  it  for  future  use,  as  well  as  for  such  of  the  tribe  as  may  be  unable 
to  reach  camp,  or  in  want  of  food.  All  the  Shoshonees  in  tbe  south- 
ern interior  of  Nevada  provide  for  one  another  in  this  manner.  Their 
mode  of  doing  so  is  in  this  wise :  a  number  of  stones  are  collected,  each 
of  them  from  one-half  to  one  cubic  foot  in  bulk,  which  are  arranged  in 
the  shape  of  a  circle  having  a  diameter  of  from  2  to  4  feet.  When  fruit 
is  abundant  (which  happens  but  once  in  three  years  in  respective  local- 
ities), it  is  collected  and  piled  into  this  circle,  covered  over  with  sticks 
aaid  leaves,  and  finally  a  layer  of  earth,  so  as  to  secure  them  from 
rodents  and  birds.  Still,  the  former  more  frequently  discover  these 
deposits  than  the  benighted  warrior  for  whom  they  are  intended.  The 
Shoshonees  do  not  know  of  any  circles  connected  with  religious  or 
bartal  ceresionies.  Circles  of  similar  construction  are  sometimes  found 
upon  Novated  points  of  land,  where  they  are  located  as  a  post  from 
wliich  a  good  view  of  the  surrounding  eountry  can  be  obtained.  Here 
•sentinels  «re  posted,  or  a  voluntary  watcher  may  take  his  station  to 
notify  his  camp  of  the  approach  of  game  or  of  strangers,  where  his 
time  is  employed  in  making  or  mending  bows,  arrows,  or  other  trap- 
pings. Frequently  the  ground  around  such  watch-stations  is  literally 
^DOvered  with  chirt  or  flint  chippings.  These,  however,  are  not  of  very 
recent  date,  as  stone  darts  are  not  as  numerous  as  they  were  previous 

*  .Tonee'fl  citation  of  Father  le  Petii's  accoant  of  the  Natchez  IndiaDS.     <Ezp]or. 
Aborig.  Rem.  of  TeuD.,  p.  21.    [S.  C.  No.  259.] 
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to  tbeir  commauication  with  tbe  whites.  Nevertheless,  these  siliceous 
chips  and  Hakes  are  fouud  more  or  less  about  all  sach  stations,  and  from 
the  surface  accumulation  we  are  euabled  to  form  some  idea  of  their  age. 
None  have  been  found  throughout  the  region  under  consideration  tliat 
would  indicate  a  greater  existence  than  from  forty  to  fifty  years. 

A  circle  of  this  sort  is  described  and  figured  in  the  ^^Eeport  upon  the 
Reconnaissanceof  Northwestern  Wyoming,  1873,  &c.,  Capt.  W.  A.  Joocs, 
Uuited  States  Engineers,"  p.  264,  which  is  considered  to  be  a  relic  Of  s 
race  of  sun- worshippers.  Dr.  F.  M.  Endlich,  of  this  Survey,  has  observed 
similar  circles  throughout  the  northern  Shoshonee  country,  in  and  aboat 
^hich  he  has  invariably  found  flint  chippiugs  upon  the  removal  of  sor- 
face  accumulations  of  earth,  sand,  or  other  materials.  This  has  been  the 
result  of  my  examinations  in  the  Pah-Ute  country  of  Southwestern  Ne- 
vada, where  these  Indians  had  similar  ^Mookout"  stations  in  former 
times.  The  Hualpai,  of  Arizona,  are  also  in  the  habit  of  stationing  sen- 
tinels upon  elevated  ridges  or  buttes,  where  stones  have  been  arranged 
in  some  manner  so  as  to  indicate  at  a  glance  for  what  purpose  the  loca- 
tion is  intended.  Similar  circles  are  constructed  by  the  Dakotas  on  the 
Upper  Missouri.  Any  elevated  locality  in  the  immediate  vicinity  of  an 
encampment  will  furnish,  upon  examination,  circles  or  other  forms  of 
stones.  From  such  posts  of  observation'  signals  can  be  transmitted  to 
camp,  imparting  information  as  satisfactorily  as  if  delivered  verbally. 

It  is  a  well  known  fact  that  the  Indians  throughout  the  country  hare 
a  most  remarkable  manner  of  transmitting  information  quickly  and 
accurately.  The  tribes  of  the  Southwest  signal  by  means  of  smoke  br 
day  and  fire  by  night.  The  Dakotas  even  mix  their  combustibles  so  as 
to  cause  different  shades  of  smoke;  using  dried  grass  for  the  lightest 
and  pine-leaves  for  the  darkest,  a  mixture  of  the  two  in  proper  propor- 
tions causing  an  intermediate  shade.  These,  with  their  manner  of  caofi- 
ing  a  column  or  several  pufis  of  smoke,  furnish  materials  for  a  variety 
of  combinations  and  effects.  At  night  a  continued  fire  and  pnffs  or 
flashes  are  used.  Frequently  a  bunch  of  grass  is  tied  to  an  arrow,  lit 
at  the  top,  and  fired  into  the  air.  The  Aztecs  signalled  to  one  anoUier 
by  means  of  fire  during  the  siege  of  the  city  of  Mexico,*  and  by  this 
means  likewise  summoned  their  forces. 

8.  Pottery  and  pictogbaths. 

In  the  White  Mountains,  between  the  towns  of  Oolumbus,  Nov.,  and 
Benton,  Cal.,  are  varied  remains  of  pictographs  or  rock  drawing& 
These  represent  odd  figures  of  men,  animals,  and  other  unintelligible 
characters.  The  Pah-Utes,  who  are  located  on  the  California  side,  and 
the  Shoshonees  near  Columbus,  are  unacquainted  with  them.  These  re- 
mains of  a  former  race  are  more  numerous  as  we  prooeed  southward,  and 
they  evidently  belong  to  the  same  group  who  have  left  such  numerous 
and  interesting  evidences  of  a  former  extensive  population  in  Arixona. 
About  20  miles  south  of  Benton  the  stage-road  passes  through  a  narrow 
defile,  upon  either  side  of  which  the  perpendicular  walls  rise  to  a  height 

*  Verdad.  Hist,  de  los  Sue.  de  la  Conquesta  de  la  Nneva-EspaQa.  Per  el  Capitait 
Bemal  Diaz  del  Castillo.  <Historiadore6  prim,  de  Indias.  Don  Eorique  de  Vedia. 
Tom.  Seff.,  p.  117,  Madrid,  1853. 

[Bib.  Ant.  Esp.,  vol.  i,  52.] 

A  description  is  given  on  telegraphing  by  means  of  smoke  by  Capt.  Randolph  fi. 
Marcy,  U.  S.  Army.     <"  The  Prairie  Traveller,"  etc.,  New  York,  1859,  pp.  226-229. 

Note  on  accnracy  in  signals  is  also  given  by  Josiah  Gregg.  <Commercc  of  ths 
Prairies,  etc..  New  York,  vol.  ii,  1844,  p.  295. 
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of  abont  40  or  50  feet.  These  walls  are  literally  covered  with  carviugs, 
resembliDg  those  found  in  the  mountaiDS  just  named. 

The  next  locality  which  I  found  to  bear  any  relics  of  this  sort  was  on 
the  trail  from  Peach  Springs  to  Bill  Williams  Mountain,  Arizona ;  the 
most  prominent  one  being  portion  of  a  small  basaltic  column  protruding 
from  the  surface,  upon  which  was  the  representation  of  a  sun,  besides 
other  odd  characters.  The  former  was  composed  of  a  circle  about  3 
iDches  in  diameter,  about  an  inch  beyond  the  periphery  of  which  were 
seven  or  eight  lines  radiating  from  it.  Some  of  these  lines  wer6  nearly 
obliterated,  and  could  only  be  distinguished  upon  the  closest  scrutiny. 
That  side  of  column  bearing  any  characters  whatever  faced  the  east. 

I  do  not  believe  that  all  of  these  pictographic  remains  have  anything 
to  do  with  historical  records.  Many  of  the  children  of  the  Pah-Utes  in 
Southern  Kevada  are  in  the  habit  of  chipping  upon  large  stones  such 
figures  as  may  strike  their  fancy.  Upon  the  bard  flat  sand-beds  near 
Spring  Mountain  our  whole  outfit  was  recorded  in  this  way.  Mr.  W.  H. 
Jackson^  of  your  Survey,  states  that  the  Zuni  children  pass  their  time  in 
cQttiDg  and  chipping  various  characters  and  figures  upon  the  rocks. 
His  experience  and  investigations  among  the  various  tribes  of  Kew 
Mexico  and  adjacent  regions  is  entitled  to  some  considerations,  At  least 
in  this  respect. 

The  accompanying  drawings  illustrate  some  rock-cuttings  made  by 
the  Goyot^ros,  and  found  near  Oamp  Apachd.  They  are  modern,  and 
show  their  mode  of  conveying  ideas.  The  principal  figure  represents  a 
pack-mule.  The  four  lines  beneath  show  the  additional  number  of  ani- 
mals used  for  this  purpose,  connected  with  the  same  train.  The  star  is 
intended  to  represent  the  sun,  the  accompanying  number  of  spots  rep- 
resent the  number  of  suns  or  days  the  party  spent  in  the  territory  of  the 
Ooyot^ros.  The  pictograph  was  not  intended  as  a  record,  but  was  made 
ibr  pastime  and  the  want  of  better  occupation.  The  remains  of  an  ex- 
tensive occupation  of  the  territory  became  apparent  in  the  region  from 
Postal's  Banch  southward  for  a  distance  of  about  15  miles  toward 
Preseott.  This  valley  is  about  10  miles  broad  in  the  middle^  and  through- 
oat  the  entire  western  portion  of  it  are  found  small  flattened  elevations 
of  earth  containing  numerous  fragments  of  pottery.  These  heaps  of 
debris  appear  to  be  the  remains  of  ancient  adobe  dwellings,  which  were 
located  from  20  to  dO  feet  apart  in  all  directions.  Along  the  western 
ridge  can  be  traced  an  arroyo  or  wat^r-ditch,  which  is  at  this  day  at 
least  40  feet  above  the  level  of  any  springs  or  streams.  This  canal  can 
be  traced  northward,  but  not  beyond  the  limits  of  the  valley  itself. 
North  of  the  valley  are  large  beds  of  dried-up  streams,  which  were  no 
donbt  the  source  from  which  water  was  obtained  for  irrigation.  It  has 
been  supposed  that  the  climatic  changes  were  brought  about  by  some 
geological  convulsions,  which  resulted  in  the  gradual  sterility  and  de- 
population of  this  ancient  region.  Facts,  which  become  more  apparent 
every  day  in  other  countries,  indicate  rather  that  this  former  people 
caused  their  own  destruction,  unconsciously,  by  the  deboseaiion  of  the 
regions  thus  affected.  In  other  places  throughout  Arizona  and  l^ew 
Mexico,  where  we  find  the  remains  of  large  settlements  and  towns,  we 
have  evidences  of  large  water-courses  fiHed  with  sand  and  rounded 
pebbles  and  bowlders,  showing  that  the  country  must  have  been  excel- 
lent for  agriculture  in  remote  times.  Here,  where  the  country  is  undu- 
lating or  hilly,  and  geologically  perfect  for  the  growth  of  forests,  we 
find  nothing  but  a  few  stunted  cedars,  pines,  or  cottonwoods.  Cedar 
rafters  examined  in  some  of  the  cliff  remnins  indicate  trees  of  large  size; 
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these,  employed  in  baikliog  and  for  fael,  in  time  disappeared,  when  the 
soil  became  so  dried  as  not  to  be  able  to  afford  the  reqaisite  conditkna 
for  rain-fall.  We  have  not  only  to  look  to  Germany,  to  France,  and 
to  Oriental  countries,  bnt  oar  own  country  affords  numerous  exaa* 
pies  where  the  gradual  cutting  away  of  timber  has  so  affected  the  amioil 
rain-fall  as  to  injure  crops  very  materially,  and  to  the  extent  of  tboo- 
sands  of  dollars.  Dr.  G.  A.  Boardmau,  of  Maine,  has  had  a  large 
spring  disappear  entirely  within  a  period  of  about  twenty  years  merely 
through  the  clearing  of' one  or  two  small  hilla  Within  twelve  years, 
streams  of  considerable  size  have  nearly  disappeared  from  the  aaoe 
cause  in  Eastern  Pennsylvania.  In  this  locality  the  crops  are  more 
affected  by  blight,  mildew,  and  other  diseases  of  a  similar  nature  thui 
formerly,  and  the  farmers  are  beginning  to  realize  the  danger  incamd 
through  this  wilful  or  negligent  destruction  of  forests. 

Upon  the  fragments  of  pottery  found  throughout  Ariaooa  there  ap- 
pears to  be  a  similarity  of  designs.  The  styles  of  ornameotation  apoo 
those  found  at  Postal's  Banch  correspond  in  every  particular  with  thoae 
occurring  in  and  about  the  cliff  dwellings  near  Gamp  Yerd^,  70  niiks 
east.  That  the  Cliff-D  wellers  occupied  this  valley  for  raising  their  crops 
and  for  agricultural  purposes  generally  seems  evident  from  the  fact  tint 
it  is  the  only  really  favorable  district,  but  one,  found  within  convenient 
distance  from  the  cliff  remains,  and  also  the  nearest  patch  of  irrigable 
land  upon  which  we  find  any  traces  of  former  occupation. 

The  cliff  dwellings  appear  to  have  been  occupied  during  the  winter  aeftr 
son  or  in  times  of  danger  from  hostile  incursions  of  neighboring  tribes. 
A  description  of  the  most  important  is  given  elsewhere. 

Fragments  of  pottery  collected  in  the  valley  from  Postal's  Baoeh 
southward  to  near  Prescott,  on  the  banks  of  the  Colorado  CbiqnitiOt 
near  the  mouth  of  the  Bio  Puerco,  and  along  Beaver  Creek  from  near 
Camp  Yerd^  up  to  Montezuma  Wells,  show  a  general  similarity  of  eoo* 
sistence  and  ornamentation.  Most  of  the  pieces  have  a  smooth  exterior, 
frequently,  or  I  might  say  usually,  enamelled,  sometimes  having  the  de- 
signs cut  into  the  material  as  if  it  had  been  done  with  a  pointed  sti<^* 
Imprints  of  finger-nails  sometimes  occur,  as  well  as  the  impresdoiis  of 
the  wicker-work  in  which  the  vessels  were  found.  The  specimens  are 
now  in  the  National  Museum,  and  bear  an  exact  resemblance  to  tiioee 
figured  by  Mr.  Thomas  Ewbank.t  The  glazing  or  enamelling  is  gener- 
ally of  a  dark  bluish-black  or  brown  color,  although  other  tints  are  not 
of  unfrequent  occurrence,  such  as  gray,  red,  and,  rarely,  white.  Tbe 
most  remarkable  feature  in  the  designs  is,  that  there  are  numerous  ftc- 
similes  of  those  found  upon  the  walls  of  the  ruins  at  Mitla,  io  andeot 
Anahuac.  This  gives  one  reason  to  presume  that  the  Moqui,  Zani,aad 
Pueblos  were  more  closely  allied  in  remote  times,  and  that  to  tiiis  alli- 
ance belonged  the  Cliff  Dwellers,  whose  identity  appears  to  have  wouc^ 
with  the  Aztecs-j:  The  general  styles  of  architecture  and  the  oeranic 
art  seem  very  closely  allied  between  that  of  the  Moqnis,  Paeblos,  aid 
Cliff-Builders,  and  with  better  reason  than  that  the  Seviches  and  fioal- 

pais  should  be  two  of  the  ancient  Moqui-Pueblos,  whioh  is  wdl  proven 

—I 

*FragmMit0  bearing  similar  indentations  and  impressions  occnr  in  the  reaiaiDiof| 
the  ''  Old  Ree  ViUages  "  at  Grand  River,  D.  T.    See  ''Ancient  Hearths  and  Mod.  M 
Remains/'  etc.,  Pro.  Bos.  Soc.  Nat.  Hist.,  vol.  zviii.  Deo.  15,  lb75.  pp.  309-212. 

t  Lientenant  Whipple's  Report  apon  the  Indian  Tribes,  pp.  48, 49.  <Pao.  R.  R.  Bepoii 
vol.  ill, 

t  The  Aztecs  point  to  the  northwest  as  the  sonrce  of  their  migrations,  and  Yon  Han* 
boldt,  ignorant  of  the  existence  of  any  rnins,  supposed  them  to  have  oome  from  tfaili 
direction. 
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wt  socfa  is  tho  case.*  These  two  tribes  are  as  low  in  the  scale  of  civili- 
itioD  as  any  tribes  found  in  the  Southwest ;  are  ignorant  of  agriculturo 
id  the  manufacture  of  pottery ;  whereas  the  Moqni  cultivate  large  areas 
I  soil  and  continue  to  produce  some  really  excellent  examples  of  ce- 
ifflie  art. 

What  traditions  exist  at  this  day  among  the  tribes  of  Arizona  regard- 
g  Montezuma  appear  to  have  originated  with  the  early  Spanish  ex- 
^rers.  No  reliance  can  be  placed  upon  them,  at  least  from  which  we* 
m  deduce  any  theory  regarding  their  former  history. 

9.  Ruins. 

Bemains  of  foundation -walls  exist  in  considerable  numbers  on  the  east- 
n  banks  of  the  Colorado  Ghiqnito.t  Upon  these,  more  recent  struc- 
res  had  been  erected  of  adobe  and  wood,  which  have  long  since  gone 
decay.  Immense  quantities  cf  broken  pottery  lie  scattered  over  the 
Mnd,  among  which  are  numerous  fragments  of  obsidian,  carneliau, 
A  other  varieties  of  silicious  stones,  foreign  tx)  the  soil. 
Several  miles  north  of  Gamp  Yerd^,  on  the  west  bank  of  Beaver  Greek, 
klimestooe  wall  forms  a  perpendicular  escarpment  about  100  feet  high, 
mkbout  half-way  between  the  summit  and  the  base  of  this,  into  an  ex- 
ration  either  natural  or  artificial,  is  built  a  large  and  imposing  cliff 
rtrcss.  I  say  fortress,  from  the  fact  that  all  the  cliff  dwellings  from 
b  locality  upward  aloug  the  stream  to  Montezuma  Wells,  a  distance 
about  6  or  8  miles,  are  very  small,  containing  but  a  single  room 
iry  rarely  two),  the  dimensions  of  which  vary  from  4  to  8  feet  square 
i  from  3  to  5  feet  high.  At  a  short  distance  they  appear  like  swallow- 
its,  rather  than  habitations  at  one  time  occupied  by  human  beings. 
Ehe  fortress  is  (diK>ut  30  or  35  feet  in  height,  each  story  receding  several 
I;  the  horizontal  distance  of  the  front  wall  is  about  50  feet,  the  walls 
Ifeg  built  nearly  out  to  the  face  of  the  escarpment.  There  is  a  square 
rer  in  the  middle  front  of  the  lower  wall,  through  which  I  found  the 
^  meaas  of  access.  The  tower  or  bastion  is  nearly  6  feet  square,  tlie 
•  floor  being  at  present  so  covered  with  guano  and  bat-lime  that  it  is 
Icnlt  to  ascertain  the  exact  dimensions  as  regards  height.  There  is 
opening  in  the  second  floor  of  the  bastion  through  which  I  had  to 
m\  before  being  able  to  gain  an  entrance  to  the  main  rooms  above, 
^floors  are  constructed  of  logs,  about  one  foot  thick,  wbjch  hail  been 
Uy  flattened  above  and  below  by  rude  cutting-tools.  Over  these  are 
I,  at  right  angles,  thin  saplings  of  cedar,  which  are  in  succession  cov- 
I  by  layers  of  dirt,  fragments  of  pottery,  and  bird  and  bat  manure. 
be  second  story,  after  digging  down  to  a  depth  of  over  2  feet,  we  reached 
i^floor.  The  second  story  is  divided  into  several  different  apartments, 
iraging  from  8  to  10  feet  in  length  and  about  G  feet  in  depth.    The 

fjerooxgives  the  following  in  Lieutenant  Whipple's  Report  upon  the  Indian  Tribes, 
|e.  B.  R.  Rep.  vol.  iii.,  p.  13. : 


Tribal  names. 

In  Zuni. 

Onal-pi 

Wathl-pl-b. 
Shi-wIn-6-wa. 

Shi-wln-u^ 

Hie  syllables  Gual  and  Hual  are  pronounced  as  in  Spanish.] 

IfieateDaot  Whipple  notices  these  in  his  itinerary  report.     <Pac.  R  R.  Rep.,  vol.  iii^ 
(,  77. 
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openitiga  leading  from  one  to  tbo  other  are  low  and  scaroely  large  enongk 
to  adaiit  a  man  of  ordinary  stature.  The  roof  of  the  second  story  fonas 
the  floor  for  a  sort  of  parapet ;  the  wall  which  extends  up  from  the  storr 
below  being  about  4  feet  high.  Through  this  are  several  port-holes,  3 
or  4  inches  square  on  the  inner  side  and  over  a  foot  on  the  outer; 
through  these  arrows  could  very  easily  have  been  fired,  as  the  shape  of 
the  openings  permits  of  considerable  shifting  in  firing  either  toward  the 
right  or  left.  Back  of  this  parapet  is  a  large  opening  leading  into  tJie 
rocks,  which  appears  as  if  it  might  have  been  used  as  a  storeroom  for 
food.  At  the  mouth  of  this  the  fires  had  evidently  been  built,  as  there  i^ 
a  space  about  G  feet  long  and  4  broad,  which  consists  of  the  nataral  for- 
mation. The  wall  above  was  darkened,  but  this  may  have  been  can^ 
by  more  recent  visitors.  As  will  be  seen  in  the  accompanying  illustra- 
tion, it  is  probable  that  the  tower  extended  all  the  way  to  the  top  of  the 
entire  structure,  or  nearly  so.  Two  rafters,  protruding  from  the  middle 
wall,  are  still  in  i>osition,  which  evidently  served  as  a  partial  hold  or 
support.  The  door  or  opening  in  the  unplastered  stone  wall  beyond  ^ 
tower  leads  into  that  space  between  the  first  and  second  walls,  and  has 
DO  communication  with  any  other  apartments.  The  door  partially  vis- 
ible in  the  upper  posterior  wall  is  the  one  leading  to  the  supposed  hearth 
and  store-room.  There  are  visible  entrances  to  other  rooms  upon  the 
same  level,  but  they  are  literally  filled  with  the  materials  before  named, 
in  addition  to  fragments  of  ttie  rock,  which  is  gradually  crumbling  and 
breaking  off  in  fragments  through  disintegration.  The  lintels  oyer  the 
door-ways  are  generally  of  cedar,  and  in  as  substantial  a  condition  as 
when  first  placed  there.  The  outer  walls  generally  had  been  plastered, 
and  in  but  few  places  has  this  fallen  off.  The  stones  composing  tbe 
walls  are  neatly  and  closely  laid  and  fitted,  and  actually  cemented  to- 
gether with  mortar.  By  the  natural  breaking  away  of  the  rocks  below 
the  building,  the  place  has  become  more  accessible  than  it  appears  to 
have  been  when  regularly  occupied,  when  rope  ladders  or  similar  con- 
trivances were  probably  necessary. 

"Montezuma  Wells'*  is  so-called  from  the  fact  that  it  is  an  oblong 
depression  about  60  or  70  feet  deep,  having  perpendicular  walls,  at  the 
bottom  of  which  is  a  deep  spring  of  clear  water.  Around  the  base  is  a 
line  otd^brisj  consisting  chiefly  of  rocks,  between  which  p,nd  the  water's 
edge  are  a  few  scattering  sycamores.  The  excavation  is  about  100  yards 
in  its  greater  diameter  and  about  60  yards  in  its  lesser.  There  is  bnt 
one  point  at  which  a  descent  can  be  loade,  which  passage  is  guarded  by 
small  cliff-dwellings.  In  various  depressions  these  small  habitatioas 
are  located,  giving  the  place  a  very  singular  appearance.  From  the 
base  of  the  excavation  on  the  eastern  side  there  is  a  narrow  and  low 
tunnel  leading  out  to  the  banks  of  Beaver  Creek;  the  entire  distance 
is  about  60  or  80  feet.  The  origin  of  this  singular  geological  formation 
was  evidently  due  to  the  gradual  solution  of  the  limestone  by  the  water 
having  at  some  time  or  other  been  charged  with  some  acid  gases  or 
mineral  ingredients.  The  settlement  witbin  this  natural  enclosure  was 
no  doubt  a  retreat  in  times  of  danger,  as  the  sloping  surface  receding 
i'rom  it  is  covered  with  ruins  of  former  structures,  over  the  remains  of 
which,  and  throughout  considerable  surface  beyond,  the  soil  is  covered 
with  numerous  fragments  of  beautifully  glazed  and  incised  pottery. 
Flint  and  carnelian  flakes,  weapons,  and  other  remains  occur  in  consid- 
erable quantities.  The  land  surrounding  this  locality  is  exoellect  for 
agricultural  purposes,  and  it  appears  to  have  been  at  one  time  nndcr 
cultivation.  Wherever  one  turns  scattered  pieces  of  pottery  are  visible, 
giving  either  proof  of  a  very  large  settlement,  or  one  that  lasted  for  many 
years. 


FJi^iEti:  x^. 
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REPORT  OF  LEO  LESQUEREUX, 

EEMAEKS  OK  SPECIMENS  OF  CRETACEOUS  AND  TERTIARY 
PLANTS  SECURED  BY  THE  SURVEY  IN  1877:  WITH  A  LIST 
OP  THE  SPECIES  HITHERTO  DESCRIBED. 


By  Leo  Lesquereux. 


Part  L— REMARKS  ON  SPECIMENS  SECURED  IN  1877. 

Until  the  end  of  the  season  of  exploration  of  the  Geological  Survey  of 
the  Territories  in  1877,  few  specimens  of  fossil  plants  had  been  received 
for  examination.  Some  were  sent  by  Passed  Assistant  Engineer  H.  C. 
Beckwith,  United  States  Navy,  from  the  Cretaceous  strata  at  the  foot 
of  the  Rocky  Mountains,  near  Morrison,  Colo.,  and  a  few  by  Rev.  Arthur 
Lakes,  from  the  Eocene  of  Golden.  These  have  been  examined  and 
figured,  but  they  are  too  few  in  number  for  a  separate  report. 

Near  the  end  of  the  past  year  I  received  from  the  Upper  Tertiary  of 
Plorissant  an  immense  amount  of  specimens,  mostly  obtained  by  Prof. 
Samuel  H.  Scudder.  The  examination  of  these  materials  is  begun,  but 
the  materials  are  so  abundant  that  a  careful  determination  and  descrip- 
tion of  them  will  demand  much  time,  and  I  can  now  give  merely  a  gen- 
eral and  superficial  account  of  what  these  specimens  represent.  With 
those  of  the  Cretaceous,  they  may  be  all  together  published  in  a  future 
report. 

CRETACEOUS. 

The  Cretaceous  species  from  Mr.  Beckwith's  specimens  are  interesting 
on  two  points.  They  are  the  first  Cretaceous  plants  found  near  the  base 
of  the  Rocky  Mountains,*  and  by  their  relation  and  identity  to  some 
species  of  the  Dakota  Oroup,  they  prove  the  continuity  of  this  formation 
from  the  point  where  it  passes  under  the  Upper  Cretaceous  and  Tertiary 
strata  in  Nebraska  and  Kansas  to  the  base  of  the  Rocky  Mountains, 
where  it  becomes  exposed  again  by  the  upthrow  of  the  hog-backs.  And 
then  they  are  highly  interesting  by  the  species  or  types  which  they  repre- 
sent, some  of  them  remarkably  beautiful  and  new. 

The  geological  age  of  the  formation,  and  its  identity  with  that  of  the 
Dakota  Group,  is  positively  indicated  by  the  presence  of  Sassafras 
Cretaceunij  Newb.,  Magnolia  CapelUnij  Heer,  Salix  protecefolia^  Lesqx., 
and  of  species  of  Aralia, — one,  Aralia  Townerij  Lesqx.;  another,  similar 
to  Aralia  concreta^  Lesqx.,  dififering  merely  by  the  division  of  the  leaves 
into  three  instead  of  Sive^  lobes.  By  this  division,  the  leaves  are  interme- 
diate in  characters  between  Aralia  tripartita^  Lesqx.,  of  the  Annual 
Report  of  1874,  p.  348,  pi.  i,  fig.  1,  and  Aralia  concretaj  of  the  same  report, 
p.  349,  pi.  iv,  figs.  2-4.  In  the  same  genus  we  have  also,  from  the  same 
locality,  near  Morrison,  where  the  plant-bearing  strata  are  somewhat 
higher  than  those  where  the  bones  of  great  Saurians  have  been  discov- 
ered, leaves  of  an  Aralia  i^o  closely  allied  to  the  one  described  by  Pro- 
fessor Heer  as  Aralia  formosa^  from  the  Cretaceous  of  Moletin,  Ger- 

[*  Compare,  however,  Aijd.  Rep.  of  thisSnrvey  for  1873, 1874,  p#  196.— Ed.] 
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many,  that  I  do  not  see  as  jot  any  characters  to  authorize  a  specific  db- 
tinctioD.  The  American  leaves  are  somewhat  larger,  with  broader  lobes, 
the  middle  one  longer  than  the  lateral  ones.  In  Heer's  species,  the  mid- 
dle lobe  is  shorter,  bat  there  is  no  other  apparent  difference,  the  nerva- 
tion being  the  same,  and  the  borders  of  the  leaves  crenolate  in  exactly 
the  same  manner.  By  the  leaves,  therefore,  we  have  proof  of  the  geo- 
logical relation  of  the  Dakota  Gronp  with  the  Cretaceous  strata  exposed 
at  the  base  of  the  Rocky  Mountains,  and  also  of  the  Cretaceous  of  Colo- 
rado with  that  of  Europe.  The  Moletin  formations,  according  to  Heei, 
represent  the  Lower  Quadersandsteinj  a  stage  generally  Damed  now 
Cenomaniaiij  which  is  overlaid  by  the  Thuronianj  the  Upper  Quader,  and 
this  by  the  Planer  of  Beuss,  now  the  Senonian.* 

This  relation  of  our  Dakota  Group  flora  with  that  of  Moletin  had  been 
remarked  already  by  the  presence,  in  both  formations,  of  Sequoia  fasti- 
giata^  Sequoia  BeichenhaxsM^  Gleichenia  Kuniana^  and  Pinus  Quenstedti^ 
species  described  in  the  Annual  Eeport  of  1874.  But  the  identitica- 
tiou  of  dicotyledonous  is,  in  regard  to  the  a^e  of  the  formation,  of 
a  more  definite  character  than  that  of  Ferns  and  Conifers.  And  still  io 
the  same  specimens  of  Colorado  we  have  other  leaves  apparently,  thougti 
less  positively,  referable  to  species  of  Moletin.  One  of  them  has  th^ 
same  form  and  the  same  character  of  nervation  as  the  fragment  fignred 
by  Heer  as  Myrtrophyllum  Shiibleri,  pi.  xi,  fig.  2,  loc.  citj  which  is,  how- 
ever, half  of  a  leaf,  whose  lower  and  upper  parts  are  destroyed.  Others 
represent  Magnolia  of  the  same  type  as  M.  speciosa,  Heer,  and  there  is, 
besides,  a  cylindrical  obtuse  receptacle,  four  centimeters  long,  a  little 
more  than  one  centimeter  broad  or  thick,  covered  with  numerous  imbri- 
cated carpels,  much  like  the  receptacles  of  the  living  Magnolia  grandi- 
folia ^  and  comparable,  in  its  unripe  state,  to  a  fruit  of  ^a^TtoZia  figured 
by  Ileer,  pi.  viii,  fig.  2,  as  M.  amplifolia.  Other  and  numerous  leaves, 
related  by  their  shape  and  nervation  to  Magnolia  alternans^  Heer,  of  the 
Dakota  Oroup,  are  somewhat  unequal  at  the  base,  attached  on  both 
sides  of  a  pedicel,  and  therefore  mere  leaflets  of  compound  leaves. 
These,  and  still  others  of  a  dififerent  character  of  nervation,  with  leaf- 
lets more  unequal  at  the  base,  resembling  large  species  of  SapinduSy  seem 
referable  to  Leguminosce^  as  a  large  silique,  like  that  of  a  LonchoearpnSj 
is  seen  upon  the  same  specimens. 

The  most  interesting  new  type  of  these  Cretaceous  plants  is  described 
under  a  new  generic  name,  that  of  Liriophyllum,  by  reason  of  its  affinity 
to  leaves  of  Liriodendron,  These  leaves  belong  probably  to  two  spe- 
cies. The  largest,  that  of  Liriophyllum  Becktcithiij  sp.  nov.,  are  square 
in  outline,  divided  into  two  lobes  on  each  side,  measuring  about  30  centi- 
meters between  the  points  of  the  lateral  lobes,  20  centimeters  from  the 
top  of  the  petiole  to  that  of  the  oblique  obtuse  terminal  lobes,  which 
descend  to  near  the  base  where  the  midrib  is  split  in  two,  each  of  the 
branches,  under  an  angle  of  division  of  45^,  ascending  to  the  points  of 
the  two  upper  lobes.  There  is  still  a  nearly  basilar  pair  of  strong  sec- 
ondary nerves  curving  backward,  and  passing  through  the  middle  to 
the  point  of  the  lateral  lobes,  with  two  other  secondary  nerves,  one 
merely  marginal,  the  other  between  the  two  pairs  forming  the  di\isio& 
of  the  leaves ;  the  secondary  nerves  are  scarcely  branching ;  the  lower 
part  of  the  midrib,  below  the  slightly  obtuse  sinus  of  the  middle  lobes, 
is  thick,  3  millimeters,  and  passes  downward  to  a  petiole  of  the  same 
size,  broken  2  centimeters  lower  than  the  somewhat  decurving  base  of 
the  leaves. 

The  other  species  as  yet  considered  under  the  name  of  Liriophyll 

*  Ueeii  Moletiu  Flora,  p.  5. 
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pnpulaidesj  sp.  nov.,  has  the  leaves  much  smaller,  10  centimeters  broad 
toward  the  lower  part,  with  the  same  length  from  the  top  of  the  petiole 
to  the  point.  They  are  largest  toward  the  base,  which  is  nearly  truncate 
or  merely  inclined  to  the  petiole,  gradually  narrowed  toward  the  obtuse 
point,  where  they  are  cut  into  two  terminal  lobes  by  a  narrowly  oval 
division,  descending  to  the  half  of  the  laminsB  or  lower,  where  they  are 
united  in  an  obtuse  sinus.  The  two  upper  secondary  nerves  pass  on 
both  sides  under  it,  and  become  effaced  by  branching  near  the  upper 
borders.  In  this  species,  all  the  secondary  nerves — three  or  four  pairs, 
according  to  the  size  of  the  leaves — are  camptodrome,  curving  along  the 
border,  and  effaced,  as  in  leaves  of  Popultis.  The  petiole  is  long,  3  to  3^ 
centimeters,  flattened,  and  enlarged  at  its  base.  Though  related  by 
their  medial  division  to  those  of  Liriophyllum  BecJcwithii,  these  leaves 
have  not  so  close  an  affinity  to  them  that  they  may  be  considered  as 
the  same  species. 

The  characters  of  these  two  species  are  not  comparable  to  those  of 
any  of  the  present  flora,  to  my  knowledge  at  least.  They  represent  an 
original  Cretaceous  type,  which  is  found  also  represented  in  a  different 
manner  by  a  species  of  Moletin  Chondrophyllum  grandidentatum^  Heer, 
Ettingshauaenia  grandidentata^  Stiehler,  whose  leaves  are  narrowly  cunei- 
form to  the  petiole,  enlarging  upward,  and  split  from  the  top  to  below 
the  middle  by  a  split  in  acute  angle  of  the  midrib,  wbich  forms  the  bor- 
ders. 

Another  Cretaceous  type  represented  by  the  leaves  from  Mr.  Beck  with, 
and  worth  remarking  upon,  is  a  branch  of  Sequoia^  with  leaves  as  large 
as  those  of  S.  longifolia^  Lesqx.,  Tert.  Flora,  p.  79,  pi.  vii,  flg.  14 ;  also 
somewhat  similar  in  shape,  but  largest  in  the  middle,  5  millimeters 
broad,  and  gradually  narrowed  to  the  decurrent  base  1  to  1^  millimeters. 
The  branch  is  narrow,  only  1^  millimeters  thick,  and  does  not  show  any 
scar  of  leaves.  This  species  has  also  an  affinity,  though  more  distant, 
to  Seqtuna  Smitiiij  Heer,  of  the  Greenland  Lower  Cretaceous  flora. 

TERTIARY. 

Of  the  Eocene  specimens  communicated  by  Rev.  Lakes,  I  have  re- 
marked already  in  the  Tert.  Flora,  p.  53,  on  a  beautiful,  well-preserved 
leaflet  of  Pteris  erosa^  on  one  part  of  a  splendid  pinna  of  Osmunda 
affinis^  p.  60,  and  on  numerous  specimens  of  a  Myricaj  intermediate  be- 
tween M.  insignis  and  M.  Leasigii^  p.  136.  In  the  collections  of  the  same 
contributor  there  is  a  number  of  specimens  of  pinnsB  or  leaflets  of  a  pecu- 
liar Palm,  whose  relation  to  any  living  species  is  as  yet  unascertained. 
These  leaflets  are  oval,  pointed,  largest  in  the  middle,  narrowed  in  the 
same  degree  to  the  acute  point  and  to  the  base,  averaging  17  centime- 
ters in  length  and  6  centimeters  wide  in  the  middle,  sharply  plaited 
and  carinate,  like  Sabal  leaves.  The  rays  converging  to  the  base  and 
to  the  point  have  each  of  their  faces  distinctly  nerved  with  three  pri- 
mary nerves  and  four  secondary,  thinner,  intermediate  ones.  The  relative 
position  of  the  leaflets  to  the  rachis  is  not  ascertained ;  they  are  all  de- 
tached, mostly  fragments.  By  their  forms,  they  may  be  compared  to 
those  of  a  DesmoncuSj  like  D.  macrocanthus^  Mart. ;  but,  plaited  and  cari- 
nate as  they  are,  this  relation  of  form  merely  cannot  be  considered. 

I  have  also  mentioned  in  the  Tertiary  Flora  some  specimens  communi- 
cated byProf.  W.  A.Brownell,  and  described  one  of  the  leaves  as  JPraa:tnu« 
Brawnellii^  p.  230.  This  year,  from  numerous  specimens  received  from 
the  same  locality,  I  am  able  to  complete  a  diagnosis  rendered  somewhat 
uncertain  by  the  peculiar  form  of  the  leaflet,  the  only  one  which  I  had 
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for  my  description,  and  which  I  rightly  supposed  to  have  been  deformed 
by  compression  or  maceration.  These  leaflets  are  narrowed  into  an 
acumen,  either  long  and  slightly  scythe-shaped,  or  short  and  straight 

This  brings  me  to  the  essential  contribution  of  this  year,  whidi  is 
mostly  from  the  same  locality — Florissant,  Colo. — indicated  by  some 
contributors  as  South  Park,  by  others  as  Oastello's  Bauch,  and  thus 
marked  upon  the  habitat  of  the  plants  of  the  Tertiary  Flora,  as  if  all 
these  places  were  distant  or  separate  localities.  The  specimens  Irom 
Florissant  number  about  five  thousand.  I  can  only  give  now  a  short 
and  superficial  account  of  the  species  which  they  represent. 

Their  examination  suggests  at  the  outset  some  general  remarks  in 
regard  to  the  distribution  of  the  vegetable  remains  preserved  in  this 
formation,  first  by  the  total  absence  of  certain  types,  then  by  the  pre- 
dominance of  others.  This  local  flora  has  not  any  leaves  or  even  frag- 
ments of  leaves  of  Palms.  Standing  fossil  trees  are  seen  in  the  same 
locality.  In  the  specimens  of  silicified  wood  broken  from  the  stumps,! 
do  not  find  any  Palm  wood.  I  have  been  informed,  however,  that  trees 
of  this  kind  had  been  remarked  there  formerly,  but  had  been  totally 
broken  and  taken  away  as  curiosities  by  the  numerous  visitors  of  the 
locality.  I  have  been  unable  to  ascertain  the  truth  of  that  assertioiL 
The  characters  of  the  leaves  refer  them  mostly  to  plants  of  a  moderate 
climate,  and,  as  I  have  remarked  in  the  Tertiary  flora,  to  species  of 
mountains  or  of  high  valleys.  Of  the  other  division  of  the  monocotyle- 
donous  also,  there  are  scarcely  any  remains.  The  Qlunutcece  only  hare 
two  fragments  of  leaves  of  Phragmites.  From  the  lower  orders  of  plants 
we  find  there  merely  a  few  leaflets  of  Ferns,  two  specimens  of  a  Chora 
and  Salvinia  Alleni^  Lesqx. ;  this  represented  by  a  comparatively  lar^ 
number  of  well-preserved  specimens,  whose  characters  slightly  modified 
do  not  present  even  sufficient  differences  for  authorizing  a  separation  in 
varieties.  Still  more  remarkable  is  the  absence  of  fruits  in  the  shales 
of  Florissant,  which  in  its  compounds  has  preserved  the  most  delicate 
organisms,  feathers,  insects,  small  flies,  petals,  even  anthers  and  sta- 
mens of  flowers,  but  no  hard  fruits  of  any  kind. 

The  preponderance  of  remains  of  other  species  is  not  the  less  remark- 
able, and  perplexes  the  paleontologist  who  is  trying  to  understand  the 
cause  of  that  heaping  of  materials  at  Florissant,  and  the  way  and  actioa 
which  has  brought  them  there.  For  example,  the  leaves  of  Planera  hm- 
gifolia^  and  of  its  varieties,  which  appear  to  represent  also  Planera  Ungerij 
and  perhaps  another  species  of  the  same  genus,  constitute  there  aboot 
one-half  of  the  preserved  vegetable  remains.  ^  e  have  at  least  two  thou- 
sand specimens  of  these  leaves.  Have  they  been  brought  by  mountain 
rivulets  or  torrents  into  a  lake?  We  should  then  find  the  fruits  as  well 
as  the  leaves,  and  the  action  of  transfer  seems  scarcely  probable  in  coo- 
sidering  the  very  delicate  texture  of  other  organisms  preserved.  Have 
the  plants  grown  around  the  basin  of  water?  The  objection  is  the 
same  on  account  of  the  absence  of  fruits  and  of  the  very  fragmentary 
state  of  the  remains  of  Conifers,  which,  for  Glyptostrohus  at  least,  are 
branches,  leaves,  and  small  cones,  abundant  enough,  but  all  ground  as 
if  they  had  been  for  a  long  time  exposed  to  the  movement  of  water  <ff 
to  atmospheric  influences.  The  presence  of  remains  of  flowers,  of  unripe 
carpels  of  Ulmus,  Acer^  etc.,  would  imply  a  deposition  of  vegetable  mate- 
rials in  spring  time,  before  the  maturity  of  the  seeds;  and  then  to  accoont 
for  the  absence  of  fruits,  we  should  have  to  suppose  a  gradual  drying 
up  of  the  lake  or  swamp  during  the  summer.  In  that  case,  as  the 
broken  iragments  of  Gonifers  indicate  a  prolonged  atmospheric  action  by 
their  decomposition,  it  would  be  possible  to  suppose  the  decomposition 
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of  the  fraits  also.  This  hypothesis  seems  confirmed  by  the  presence 
of  well-preserved  branches  of  Taxodium  distichum  miocenicum^  Heer,  as 
from  the  living  Taxodium^  it  is  seen  that  the  fragments  are  mostly  de- 
tached and  thrown  upon  the  ground  in  winter  time  or  early  in  the 
spring. 

After  the  Planera  leaves,  those  which  are  the  most  abundant  in  the 
collection  of  Florissant  are  those  of  Myrica^  two  species,  especially 
Myrica  acuminata^  Ung.,  as  represented  in  Tert.  Flora,  pi.  xvii,  figs. 
1-4,  a  form  somewhat  different  from  that  of  Europe,  and  which  seem 
referable  to  two  species  of  the  Gypses  of  Aix,  Myrica  arguta^  Heer,  and 
M.  Zackarierms^  Sap.;  the  other,  M.  Ludtoigii^  Schp.,  a  fragment  of 
which  is  figured  in  Tert.  Flora,  pi.  Ixv,  fig.  9.  Other  species  of  the  same 
genus  are  there  also  in  a  few  specimens,  especially  Myrica  latilohaj  Heer, 
var.  acutiloba^  same  type  as  that  of  the  Tert.  Flora,  pi.  xvii,  fig.l3.  The 
leaflets  of  the  species  which  is  described  in  the  same  volume,  p.  246,  pi. 
xliii,  figs.  2-4,  as  Oaliicoma  microphylla^  Ett.,  are  as  plentiful  in 
the  collection  as  those  of  Myrica — perhaps  more.  Some  are  attached 
to  branches,  and  in  their  positions  are  alternate,  distant,  the  upper 
basilar  side  broader  and  rounded,  the  lower  narrow,  a  disposition  at 
variance  with  that  of  the  leaves  of  Myrica  and  of  Bhmj  the  only  genera 
of  our  flora  to  which  they  might  have  been  referred  in  their  separate 
«tate.  And  as  Cdllicoma  has  in  its  species  the  leaves  opposite,  this 
reference  is  still  less  admissible,  though  from  our  specimen  it  is  not 
I>os8ibIe  to  doubt  the  identity  of  the  leaves  with  those  described  by  the 
Oerman  author  under  this  name.  I  am  unable  as  yet  to  decide  upon 
the  true  reference  of  these  leaves,  which,  except  the  craspedodrome  ner- 
vation, have  a  great  afQnity  to  those  of  Myrica  Saportana^  Schp.  They 
are  variable  in  size;  some  of  them,  the  upper  ones,  are  very  narrow,  4 
millimeters  at  the  base,  while  others  measure  more  than  one  centimeter. 
The  length  does  not  differ  comparatively  to  the  width.  Their  form  and 
disposition  are  like  those  of  ISapindtis  or  of  Zardlwxylon, 

Briefly  reviewing  the  plants  of  Florissant,  in  regard  to  the  botanical 
series  to  which  they  belong,  I  find  a  large  number  of  the  Amentacece  in 
the  following  genera : — Carpinus,  two  species,  one  referable  to  C.  pyra- 
midaliSy  Heer,  the  other  to  C.  grandis^  TJng.  Ulmus  has  a  species  of  the 
most  common  type  of  the  Miocene,  77.  Braunii^  Heer,  and  another,  refer- 
able to  U.  FiscJierij  Heer.  Betula  and  Alnus  are  as  yet  indistinctly  rec- 
ognized ;  two  leaves  seem  referable  to  B.  Dryadum,  Brgt.  Of  CcltiSy 
there  are  leaves  with  entire  and  others  with  slightly  dentate  borders, 
which  have  a  great  affinity  to  the  present  C.  occidentalism  and  its  variety 
C  integrifolia^  Nutt.  They  may,  however,  represent  two  species.  Cory- 
lus  and  Fagus  are  absent.  I  can  also  scarcely  separate  as  yet  leaves 
positively  referable  to  Qtiercus.  Populus  has  four  species :  one,  P.  latior^ 
a  small  leaf  like  the  one  represented  by  Heer  as  var.  denticulata  ;  two 
other  distinct  new  species,  one  of  the  section  of  P.  glandulifera^  with 
smaller,  more  acuminate  leaves,  without  basilar  glands ;  the  other,  rep- 
resented by  two  leaves  still  smaller,  thin,  or  not  coriaceous,  1^  centi- 
meters broad,  and  as  long,  entire,  with  the  base  trnncato-cordate,  rap- 
idly narrowing  to  a  point,  borne  upon  petioles  about  as  long  as  the 
leaves,  slightly  inflated  at  the  point  of  connection  to  the  lamina,  lat- 
eral primary  nerves  diverging  at  a  broad  angle,  and  secondary  veins  only 
two  pairs,  parallel,  and  very  thin. 

A  fourth  species  is  represented  by  a  large  number  of  leaves,  remark- 
ably different,  in  their  size  especially.  They  vary  from  4J  to  23  centi- 
meters long,  and  from  1  to  8  centimeters  broad  near  the  base,  where 
they  are  generally  the  largest,  and  there  always  rounded  to  a  long^ 
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broad,  flat  petiole.  Their  form  is  either  oblong^  acuminate  or  lanoeo^ 
late,  narrowing  to  a  long  acamen.  The  primary  basilar  nerves,  one  or 
tu'o  pairs,  are  on  a  more  acute  angle  of  divergencie  than  the  secondarr, 
passing  high  up  along  the  borders  in  successive  curves  or  festoons  joine^l 
to  the  lower  secondary  veins  by  strong  nervilles.  The  middle  veinis 
thick  and  flat.  This  species  is  allied  to  Moua  paptUina^  Heer,  from  which 
it  differs  essentially  by  narrower  leaves,  rounded  to  the  petiole,  and  by 
the  ultimate  areolation  not  punctulate;  and  still  more  closely  related  to 
Quercus  Heeriij  Sap.,  Et,  1, 1,  p.  87,  pi.  vii,  fig.  3  A,  which  seems  to  rep- 
resent the  same  species  in  one  of  its  smaller  leaves.  The  only  difference 
remarked  in  the  American  specimens  is  the  broader  flat  petiole,  which 
rather  resembles  that  of  a  FicuSy  but  the  form  of  the  leaves,  the  nerva- 
tion and  areolation,  the  divisions  of  the  obtusely  crenate  borders  are 
exactly  similar.  The  French  author  has  found  involucres  of  seeds  of 
Populas  with  his  species,  and  figures,  as  point  of  comparison,  Papults 
laurifoliaj  Ledb.,  a  living  species  of  Siberia,  which  has  aboat  the  same 
character  ]  hence  the  reference  of  these  leaves  to  this  genus  seems  aa- 
thorized.  This  species,  he  says,  is  extremely  rare  in  the  Gypses  of  Ais. 
Of  Salixj  the  collection  of  Florissant  has  a  number  of  leaves  idAotified 
with  8.  lavaterij  Heer,  8.  integra^  Al.  Br.,  8.  media^  Al.  Br.,  and  8,  variaiUj 
Goepp.  Platant^j  Idguidambar^  FicuSj  and  all  the  Laurinece^  are  mostly 
absent.  Indeed,  there  are  scarcely  any  coriaceous  leaves  among  the 
specimens,  and  none  of  large  size  except  the  Populus  mentioned  above. 
Fraxinxis  is  represented  by  three  species,  one  of  them,  F.  Brown^lxl, 
described  in  Flor.  Tert.,  loc,  cit  There  is  no  Dw^pyros^  but  two  or  three 
species  of  the  J^rtcaceo^  ;  oneAtt^romedKa,  perhaps  two;  one  Vaccinium; 
and  in  the  Araliacew  one  leaf  only.  Of  Vitis,  CarnfiSj  Magnolia^  J^el^m 
(mm,  of  the  Tiliaceas^  also  there  is  none.  Acer  has  one  species;  one  leat 
only  of  the  type  of  A.  p%eudO'Campestrey  Heer,  and  fruits  still  smaller 
than  those  of  Acer  decipiensj  Heer,  as  figured  in  Fl.  Tert.  Helv.,  pi.  cxvii, 
fig.  22.  Per  contra^  the  8apindacecB  are  very  abundant;  there  are  nntne- 
rous  specimens  of  8.  stellaricefolixis  and  8.  anguBtifolius  of  the  Tert.  Flonu 
pi.  xlix,  with  still  two  or  three  other  species,  and  in  the  Frangulaetit^ 
leaves  of  8tapkyleaj  not  as  well  preserved  as  that  already  figured,  loc, 
cit.j  pi.  xlviii,  a  few  leaves  of  Celastrus^  and  two  species  of  Ilex,  The 
RhamnecB  and  the  Juglandece  have  not  any  specimen  in  the  collectioD, 
while  the  Anacardiacece  are  most  abundant  in  not  less  than  six  or  seven 
species  of  Rhtis  and  one  of  Pistada.  The  BosacecB  have  a  Pruntu  ami 
species  of  8pirea  and  very  finely  preserved  leaves  of  an  Amelanekier^ 
which  are  scarcely  distinguishable  from  some  of  the  varieties  of  tiie  living 
species.  This,  with  a  large  number  of  Leguminosce  of  the  genera^ 
Coluteaj  Bobinia^  and  Cassia^  constitutes  the  more  essential  part  of  the 
specimens  as  far  as  I  have  been  able  to  fix  a  determination  in  sorting 
them  for  future  examination.  The  flowers,  petals,  sepals,  stamens,  and 
pistils,  though  not  very  numerous,  are  interesting.  Flowers  of  Acer  are 
the  only  ones  which  I  could  recognize  at  first  sight.  Of  other  plants  of 
undetermined  relation,  there  is  Trilohium  of  Unger.  As  many  speei- 
meus  are  obscure,  this  collection  will  demand  a  great  deal  of  work  and 
research  for  the  final  determination  of  the  species. 

Professor  Scudder  has  sent  with  the  above,  from  near  Randolph,  Wya, 
a  small  number  of  very  fine,  admirably  preserved  specimens,  regrettably 
too  few  in  number.  They  represent  one  FlcLbellaria^  with  the  petiole  tran- 
cate  at  the  point  of  union  to  the  rays,  narrowly  and  equally  nerved,  the  rays 
numerous  and  narrow,  disposed  like  those  of  F.  Eocenica^  Lesqx.,  Tert. 
Flora,  pi.  xiii,  fig.  1,  but  more  coarsely  nerved,  at  least  for  the  primary 
nerves,  the  intermediate  veins  being  less  numerous  and  scarcely  observ- 
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able ;  Fi&us  lynx^  TJng.,  a  Liquidamhar  slightly  distinct  from  L,  Euro- 
peum  by  its  lobes  oblong  and  nearly  obtuse,  rather  than  acuminate.  As 
there  is  one  leaf  only,  this  difference  cannot  be  positively  ascertained  as 
specific ;  a  leaf  of  large  size,  apparently  a  TUia  ;  Cinnamomum  Schettch- 
zeri;  the  half  of  another  very  large  leaf,  a  QuercuSj  related  by  its  dentate 
borders  and  its  size  to  Q,  Moariiy  Lesqx.,  bat  differing  by  the  lateral 
nerves  more  open,  nearly  in  right  angle  to  the  midrib,  and  more  arched ; 
a  Diospyrosj  a  Phragmites^  and  a  leaf  of  Acer,  remarkably  similar  to  those 
figured  and  described  by  Massalongo  as  Llquidambar  Scarabellianum^ 
apparently  a  variety  of  Acer  Trilobatum  ;  one  species  of  Rhiis;  a  My- 
ricUj  of  the  type  of  Jf.  speciosaj  Ung.;  a  fine  ZityphiiSj  allied  to  Z,  tiliwfo- 
liuSy  but  differing  by  a  long  petiole  and  other  less  marked  characters ; 
seeds  of  Ailantkus;  leaves  of  a  Laurm;  and  petaloidal  involucres  not 
yet  determined. 

This  review  is,  of  course,  a  superficial  one.  It  gives  only  an  insight 
into  the  general  characters  of  the  two  vegetable  groups  represented 
by  the  specimens,  the  first  referable  to  the  Upper  Miocene,  the  other 
apparently  to  the  Eocene.  It  will  serve  as  an  introduction  to  the  list  of 
the  Ci^taceous  and  Tertiary  plants  described  until  now  from  the  Ameri- 
can formations,  and  which  may  be  used  as  a  point  of  departure  for  future 
researches  and  publications  on  the  subject. 


PART  II.— CATALOGUE  OF  THE  CRETACEOUS  AND  TER- 
TIARY  PLANTS  OF  NORTH  AMERICA,  WITH  REFERENCES 
TO  THE  DESCRIPTIONS. 
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CRETACEOUS. 

OEYPTOGAMiE. 
Thallophytes. 
ZonariteSj  Brgt. 

1.  Zonarites  digitatus,  Brgt.,  Lesqz.,  Gret.  Flora,  p.  44,  pi.  i,  fig.  1. 

FiLICES. 

Lygodium^  Sw. 

2.  Lygodium  tricliomanoides^  Lesqx.,  Gret.  Flora,  p.  45,  pi.  i,  fig.  2. 

Hymenophyllum^  Sw. 

3.  HymenophyUum  cretaceunij  Lesqx.,  Gret.  Flora,  p.  45,  pi.  i,  figs.  3, 4; 

pi.  xxix,  fig.  6. 

Sphenopterisj  Brgt. 

4.  Sphenopteris  corrugata^  Newby.,  Ext.  Floras,  p.  10,  pi.  il,  fig.  6. 

PecopterUf  Brgt. 

5.  Peoopteris  Nebrasiana,  Heer,  Lesqx.,  Gret.  Flora,  p.  46.  pi.  xxii,  f.  5. 

Gleichenia^  Nutt. 

6.  Oleichenia  Kurriana,  Heer,  Lesqx.,  Gret.  Flora,  p.  47,  pi.  i,  figs.  5-5  e. 

7.  OleicJienia  NordensMoldi  f ,  Heer,  Lesqx.,  Ann.  Bep.,  p.  334,  pL  ii,  fig.5. 

PHENOGAM^. 
Gycade^. 

Pterophyllumj  Brgt. 

8.  Pterophyllum  f  Haydeniiy  Lesqx.,  Gret.  Flora,  p.  49,  pi,  i,  figs,  6, 6  i. 

GONIFER-aS. 

AbietiteSy  Endl. 

9.  Abietites  Ernestince,  Lesqx.,  Gret.  Flora,  p.  49.  pi.  i,  fig.  7. 

■ 

Araucaria^  Jass. 

10.  Araticaria  apatulata,  Newby.,  Ext.  Floras,  p.  10,  pi.  ii,  figs.  5, 5  a. 

Sequoia^  Endl. 

11.  Sequoia  formosa^  Lesqx.,  Gret.  Flora,  p.  60,  pi.  i,  figs.  9, 9  5. 

12.  Sequoia  Reichenbo/ohi  f ,  Heer,  Lesqx.,  Gret.  Flora,  p.  51,  pi.  i,  f.  10-10*. 

13.  Sequoia  fastigiata  f ,  Sternb.,  Lesqx.,  Ann.  Beport,  1874,  p.  335,  pi. 

iii,  figs.  2,  8,  8  a. 

14.  Sequoia  condifa,  Lesqx.,  Ann.  Eeport,  1874,  p.  335,  pi.  iv,  figs.  5-7. 
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PinuSy  LiDn. 

15.  Pinus  Quenstedtij  Heer,LeBqz.,  Ann.  Eep.,1874,p.336,  pi.  iii,  figs.  6,7. 

Glypto8trobu8^  Endl. 

16.  Olyiptostrohus  grcLcillimuSj  Lesqx.,  Gret.  Flora,  p.  52,  pi.  i,  figs.  8, 11-11/.* 

InolepiSy  Heer. 

17.  Inolepist  species,  Lesqx.,  Add.  Report,  1874,  p.  337,  pi.  ir,  fig.  8. 

Pkylloeladusj  Eich. 

18.  Phylloeladus  9ubintegrifoUu$^  Lesqx.,  Gret.  Flora,  p.  54,  pi.  i,  fig.  12; 

Ann.  Report,  1874,  p.  337,  pi.  ii,  fig.  4. 

MONOGOTYLEDONBS. 

Gltjmaoejb:. 

PhragmiteSj  Adans. 

19.  Phragmites  cretaoeus^  Lesqx.,  Gret.  Flora,  p.  55,  pi.  i,  figs.  13, 14;  pi. 

xxix,  fig.  7. 

DlOSOOBE^. 

Dioacoreay  Plam. 

20.  IXoscarea  f  eretaeea^  Lesqx.,  Gret.  Flora,  p.  56,  pi.  xxviii,  flg.  10. 

Flahellariay  St 

21.  FlabeUariaf  minima^  Lesqx.,  Gret  Flora,  p.  56,  pi.  xxx,  fig.  12 ;  pi. 

xxvi,  fig.  2. 

DIGOTYLEDONES. 

Amentaoejs. 

Myrica^  Linn. 

22.  Myrica  obtusa^  Lesqx.,  Gret.  Flora,  p.  63,  pi.  xxix,  fig.  10. 

23.  Myrica  cretcufea^  Lesqx.,  Ann.  Report,  1874,  p.  339,  pi.  iii,  fig.  4. 

24.  Myrioa  ««9fi{tm,  Gret  Flora,  p.  63,  pi.  xxvii,  figs.  4,  4  a. 

Betulaj  Toarn. 

25.  Betula  Beatndana^  Lesqx.,  Gret.  Flora,  p.  61,  pi.  v,  fig.  5  ]  pi.  xxx,  fig.  4. 

BetuUteSi  Ooepp. 

26.  BetuUtes  denticulataj  Heer,  Phyll.  du  I^db.,  p.  15,  pi.  iv,  figs.  5,  6. 

Alnites,  Goepp. 

27.  Alnites  grandifolia^  Newby.,  Ext.  Floras,  p.  9,  pi.  ivr,  fig.  2. 
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Sdssajroij  Nees. 

7G.  Sassafras  Mudgei,  Lesqz.,  Cret  Flora,  p.  78,  pL  xiv,  Ags.  3,  4;  jd. 
xzx,  iig.  7. 

77.  Sassafra^s  acutilobunij  Lesqx.,  Cret.  Flora,  p.  79,  pi.  xiv,  figs.  1, 2. 

78.  Sassafras  creUiceum^  Kewby.,  Ext;  Floras,  p.  14,  pi.  vi,  figs.  l-4u — 8ai- 

safras  {Araliopsis)  cretaceum^  Lesqx.,  Cret.  Flora,  p.  80,  pi.  xii,  fig. 
2. — Var.  deni4itum^  Lesqx.,  Cret.  Flora,  pi.  xi,  figs.  1,  2. 

79.  Sassafras  (Araliopsis)  cretaceum  obtusumj  Lesqx«,  Cret*  Flora,  p.  80, 

pi.  xii,  fig.  3;  pi.  xiii,  fig.  1. 

80.  Sassafras  {Araliopsis)  mir^ilej  Lesqx.,  Cret.  Flora,  p.  80,  pi.  xii,  fig.  1. 

81.  Sassafras  {Araliopsis)  recurvata^  Lesqx.,  Ann,  Bep.,  1874,  p.  345.— 

Platanus  recurvata^  Lesqx.,  Cret.  Flora,  p.  71,  pi.  x,  figs.  3-5. 

ASARINKS. 

AristolochiteSj  Hear. 

82.  Aristolochiies  dentata^  Heer,  Phyll.  da  Ndb.,  p.  18,  pi.  ii,  figs.  1, 2; 

Cret.  Flora,  p.  87,  pi.  xxx,  fig.  6. 

GAMOPETALKE. 

DlOSPYRINE^. 

SapotaciteSj  Ett. 

83.  Sapoixtcites  Eaydenii^  Heer,  Kewby.,  Ext.  Floras,  p.  8.  pi.  r,  fig.  L 

Diospyrosy  Linn. 

84.  Diospyros  primasva^  Heer,  Pbyll.  da  N6b.,  p.  19,  pi.  1,  figs.  6,  7. 

85.  Diospyros  rotundifolia^  Lesqx.,  Cret.  Flora,  p.  89,  pi.  xxx,  fig.  1. 
SQ,  Diospyros  ambigua^  Lesqx.,  Cret.  Flora,  p.  89,  pi.  vi,  fig.  6. 

87.  Diospyros  f  species,  New  by.,  Ex.  Floras,  pi.  iii,  fig.  8. 

Ebigage^. 
Andromeda^  Linn. 

88.  Andromeda  Parlatoriij  Heer,  Pbyll.  du  N6b.,  p.  18,  pi.  i,  fig.  6 j  Lesqx^ 

Cret.  Flora,  p.  88,  pi.  xxiii,  figs.  G,  7  ;  pi.  xxviii,  fig.  15. 
-89.  Andromeda  affinisj  Lesqx.,  Ann.  Report,  1874,  p.  348,  pi.  iii,  fig.  5. 

POLYPETALEiE. 

DiSGANTHEiE. 


Aralia,  Linn. 

t)0.  Aralia  imperfecta.  Lesqx. :  Aralia  tripartita.  Lesqx.,  Ann.  Eeport,  p. 

^^        348,  pL  1,  fig.  !.•  i'  »        H    , 

*^1.  Aralia  concreta^  Le^qx.,  Ann.  Report,  p.  349,  pi.  iv,  figs.  2,3,4.- 

Liquidamhar  integrifolium^  Lesqx.,  Cret.  Flora,  p.  57,  pi.  xxix, 

fig.  8. 

*  Aralia  tripartita  is  preoccupied  by  Saporta. 
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92.  Aralia  Totoneri^  Lesqx^  Ann.  Beport,  1874,  p.  349,  pL  iv,  fig.  1. 

93.  Aralia  quinqaepartitay  Lesqx.,  Cret.  Floray^p.  90,  pi.  xv,  fig.  6. 

94.  Aralia  Saportanea^  Lesqx.,  Ann.  Beport,  p.  350,  pi.  i,  figs.  2,  2  a. 

Hedera^  Linn. 

95.  Hedera  ovalisj  Lesqx.,  Cret.  Flora,  p.  91,  pi.  xxv,  fig.  3,  and  pi.  xxvi, 

fig.  4. 

96.  Hedera  ScMmperij  Lesqx.,  Ann.  Eeport,  1874,  p.  351,  pi.  vli,  fig.  6. 

97.  Hedera  platanoidea^  Lesqx.,  Ann.  Eeport,  1874,  p.  351,  pi.  iii,  fig.  3. 

CissiteSj  Heer. 

98.  Cissites  insigniSy  Heer,  Phyll.  da  N6b.,  p.  19,  pi.  ii,  figs.  3,  4 

99.  Cissites  HarkerianuSy  Lesqx.,  Ann.  Beport,  1874,  p.  352,  pi.  vii,  figs. 

1,2. 

100.  Cissites  affiniSy  Lesqx.,  Ann.  Beport,  1874,  p.  352. — Platantts  affinis^ 

Lesqx.,  Cret.  Flora,  p.  71,  pi.  iv,  fig.  4 ;  pi.  xi,  fig.  3. 

101.  Cissites  acuminatuSy  Lesqx.,  Ann.  Beport,  1874,  p.  353,  pi.  viii,  fig.  1. 

102.  Cissites  Heeriiy  Lesqx.,  Ann  Beport,  1874,  p.  353,  pi.  vi,  fig.  3. 

103.  Cissites  cyclophyllay  Lesqx.,  Ann.  Beport,  1874,  p.  353. — Populites 

eyclophylla  f ,  Heer,  Lesqx.,  Oret.  Flora,  p.  59,  pi.  iv,  fig.  5,  and 
pi.  xxiv.  fig.  4. 

104.  Cissites  oottistiSy  Lesqx.,  Ann.  Beport,  1874,  p.  354. — Sassafras  ob- 

tususy  Lesqx.,  Cret.  Flora,  p.  81,  pi.  xiii,  figs.  2,  4. 

Ampelophyllumy  Lesqx. 

105.  Ampehphyllum  attenuatumy  Lesqx.,  Ann.  Beport,  1874,  p.  354,  pi.  ii, 

fig.  3. 

106.  Ampelophyllum  ovatumy  Lesqx.,  Ann.  Beport,  1874,  p.  355. — Celtis  f 

ovatay  liesqx.,  Cret.  Flora,  p.  66,  pi.  iv,  figs.  2,  3. 

HamameliteSy  Sap. 

107.  Hamamelites  Kansaseanay  Lesqx.,  Ann.  Beport,  1874,  p.  355,  pi.  vii, 

fig.  4. — Alntts  Kansaseanay  Lesqx.,  Cret.  Flora^  p.  62,  pi.  xxx,  fig.  8. 

108.  Hamamelites  guadrangularis^  Lesqx.,  Ann.  Beport,  1874,  p.  355. — 

Alnites  quadrangulariSy  Lesqx.,  Cret.  Flora,  p.  62y  pi.  iv,  fig.  1. 

POLYOAEPlO-ffiJ. 

Magnoliay  Linn. 

109.  Magnolia  tenuifoliay  Lesqx.,  Cret.  Flora,  p.  92,  pi.  xxi,  fig.  1. 

110.  Magnolia  altemansy  Heer,  Pbyll.  da  N^b.,  p.  20,  pi.  iii,  figs.  2,  3,  4 ; 

pi.  iv,  figs.  1, 2. — Lesqx.,  Oret.  Flora,  p.  92,  pi.  xviii,  fig.  4. — New- 

by.,  Ext.  Floras,  pi.  v,  fig.  6. 
HI.  Magnolia  Capelliniy  Heer,  Phyll.  da  K^b.,  p.  21,  pi.  iii,  figs.  5,  6. — 

Lesqx.,  Ann.  Beport,  1874,  p.  356. 
112«  Magnolia  obovatay  New  by.,  Ext.  Floras,  p.  15,  pi.  ii,  fig.  2 ;  pi.  i  v,  fig.  4. 

Liriodendrony  Linn. 

113.  Liriodendron  Meekiiy  Heer,  Pbyll.  du  N6b.,  p.  21,  pi.  iv,  figs.  3.  4. — 
JSewby.,  Ext.  Floras,  p.  8,  pi.  vi,  figs.  5,  6. 
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114.  Liriodendron  prinuevum^  Newby.,  Ext  Floras,  p.  12,  pL  vi,  fig.  7. 

115.  Liriodeftdron  intenMdium^  Lesqx.,  Cret.  Flora,  p.  93,  pL  xx,  fig.  5. 

116.  Liriodendron  giganteum^  Lesqx.,  Cret.  Flora,  p.  93,  pL  xxii,  fig.  2. 

MenispermiteSj  Lesqx. 

117.  Menispermites  obttisilobuSj  Lesqx.,  Oret  Flora,  p.  94,  pi.  xxv,  figs. 

1,  2 ;  pi.  xxvi,  fig.  3 ;  Ann.  Report,  1874,  p.  356,  pi.  vii,  fig.  3. 
lis.  ilenispermites  saliniensiSy  Lesqx.,  Cret.  Flora,  p.  95,  pi.  xx,  figs.  1, 4 

119.  Menispermites  acerifoliuSj  Lesqx.,  Cret  Flora,  p.  96,  pi.  xx,  figs.  2,3. 

120.  Menispermites pcpulifolius^  Lesqx.,  Ann.  Bep.,  1874, p. 357,  pi.  v,  fig.3. 

121.  Menispermites  oralis^  Lesqx.,  Aun.  Report,  1874,  p.  357,  pi.  y,fig.i 

122.  Menispermites cyclqphyllus, Lesqx., Ann.Rep.,  1874, p.358,pLvi,fig.i. 

Malyoide^. 

Sterculiaf  Lido. 

123.  Sterculia  linearilobaj  Lesqx.,  Anii.  Report,  1874,  p.  358. 

GrewiopsiSy  Sap. 

124.  Orerciopsis  Haydeniij  Lesqx.,  Cret.  Flora,  p.  97,  pi.  iii,  figs.  2, 4;  pL 

xxiv,  fig.  3. 

ACEBINE^. 

Aceritesj  Mass. 

125.  Acerites  pristinus,  Newby.,  Ext.  Floras,  p.  15,  pL  v,  fig.  4. 

NegundoideSy  Lesqx. 

126.  Negundoides  <wut\fol%us^  Lesqx.,  Cret.  Flora,  p.  97,  pL  xxi,  fig.  5. 

Fbangulineje. 
Celastrophyllumy  Ett. 

127.  Celastrophyllum  ensifoliumj  Lesqx.,  Cret  Flora,  p.  108,  pi.  xxi,  figs. 

2,3. 

Ilex^  LioD. 

128.  Ilex  strangulatay  Lesqx.,  Ann.  Report,  1874,  p.  359,  pi.  viii,  fig.  3. 

PaliuruSj  Toarn. 

129.  Paliurus  meinhrancLceus^  Lesqx.,  Cret.  Flora,  p.  108,  pi.  xx,  fig.  6. 

Rluimnvs^  Linn. 
129  his.  BJiamnus  tenax^  Lesqx.,  Cret  Flora,  p.  109,  pi.  xxi,  fig.  4. 

Tebebinthine^. 

JuglanSj  Linn. 

130.  Jnglansf  Debeyana^  Hcer,  Lesqx.,  Cret  Flora,  p.  110,  pi.  xxiii,  fig* 

1-5. — Populus  f  Debeyana^  Heer,  Phy  11,  da  N6b.,  p.  14,  pi.  i,  fig*  l-"^ 
Newby.,  Ext  Floras,  p.  17,  pi.  iv,  fig.  3. 
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Phylliies,  St. 

131.  Phyllites  rh&i/olitiSy  Lesqx.,  Gret.  Flora,  p.  Ill,  pi.  xxii,  figs.  5,  6. 

EOSIFLOBE^. 

PrunuSj  Linn. 

132.  Prunusf  cretacea^  Lesqx.,  Gret.  Flora,  p.  Ill,  pi.  xxiii,  figs.  8,  9; 

Ann.  Keport,  1874,  p.  361,  pi.  iv,  fig.  9. 

PyrtiSj  Lind. 

133.  Pyrns  cretucea,  Newby.,  Ext.  Floras,  p.  12,  pi.  ii,  fig.  7. 

LeguminositeSy  Br. 

134.  Lcguminosites  MarcouanuSj  Heer,  Newby.,  Ext.  Floras,  p.  8,  pi.  v,  fig.  2. 

INOEBTJE  SEDIS. 

Aspidiophyllunij  Lesqx. 

135.  AftpidU)phyllum  trilobatum,  Lesqx.,  Ann.  Eeport,  1874,  p.  361,  pi.  ii, 

figs.  1,  2. 

Protophyllunij  Lesqx. 

136.  ProtophyUum  Stemhergiij  Lesqx.,  Gret.  Flora,  p.  101,  pi.  xvi ;  pi. 

xviii,  fig.  2. 

137.  ProtophyUum  Leoonteanum,  Lesqx.,  Gret.  Flora,  p.  103,  pi.  xvii,  fig. 

4;  pi.  xxvi,  fig.  1. 

138.  ProtophyUum  t  Nehrascense^  Lesqx^Gret.  Flora, p.  103,  pi.  xxvii,  fig.  3. 

139.  ProtophyUum  quadratum^  Lesqx.,  Gret.  Flora,  p.  104,  pi.  xix,  fig.  1. 

140.  ProtophyUum  minus^  Lesqx.,  Gret.  Flora,  p.  104,  pi.  xix,  fig.  2 ;  pi. 

xxvii,  fig.  1 ;  Ann.  Eeport,  1874,  p.  362,  pi.  y,  fig.  6. 

141.  ProtophyUum  muUinerve^  Lesqx.,  Gret.  Flora,  p.  105,  pi.  xviii,  fig.  1. 

142.  ProtophyUum  rugosum^  Lesqx.,  Gret.  Flora,  p.  105,  pL  xvii,  figs.  1, 

2 ;  pi.  xix,  fig.  3. 

143.  ProtophyUum  Haydeniij  Lesqx.,  Gret.  Flora,  p.  106,  pi.  xvii,  fig.  3. 

144.  Prot^hyUum  crednerioides^  Lesqx.,  Ann.  Beport,  1874,  p.  363,  pi.  iii, 

fig.  1 ;  pi.  viii,  fig.  4. 

145.  ProtophyUum  f  Mudgei^  Lesqx.,  Gret.  Flora,  p.  106,  pi.  xviii,  fig.  3. 

AnisophyUum^  Lesqx. 

146.  AnisophyUum  semi-alatumj  Lesqx.,  Gret.  Flora,  p.  98,  pi.  vi,  figs.  1-5. 

Erem^hyUumy  Lesqx. 

147.  EremophyUum  fimbriatumj  Lesqx.,  Gret.  Flora,  p.  107,  pi.  viii,  fig.  1. 

INCERT^  AFFINITATIS. 

PhyUiteSj  St. 

148.  PhyUites  Vanonas,  Heer,  Phyll.  da  N^b.,  p.  22,  pi.  i,  fig.  8. — Lesqx., 

Gret.  Flora,  p.  113,  pi.  xx,  fig.  7 ;  pi.  xxviii,  fig.  8. 
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149.  Phyllites  ohcordatus^  Newby.,  Ext.  Floras,  p.  8,  pi.  v,  fig.  3. 

160,  Phyllites  betulcefolius,  Lesqx.,  Cret.  Flora,  p.  112,  pi.  xxviii,  figs.  4,7. 

151.  Phyllites  rhomboideuSy  Lesqx.,  Cret.  Flora,  p.  112,  pi.  vi,  fig.  8. 

152.  Phyllites  cotinus^  Lesqx.,  Add.  Report,  1874,- p*  364. — Bumkia  Mar- 

couana^  Heer,  Lesqx.,  Oret.  Flora,  p.  90,  pi.  xxviii,  fig.  2. 

153.  Phyllit^  umbonatuSj  Lesqx.,  Cret.  Flora,  p.  113,  pi.  xix,  fig.  4. 

154.  Phyllites  amorphus^  Lesqx.,  Oret  Flora,  p.  113,  pi.  xxii,  figs.  3,  4. 

PtenostrobvSj  Lesqx. 

155.  Ptenostrobus  Nebrascensis,  Lesqx.,  Cret.  Flora,  p.  114,  pi.  xxiv,  fig.  L 

OauUniteSj  Br. 

156.  Caulinites  spinosus^  Lesqx.,  Cret  Flora,  p.  115. 

157.  CarpoUthes  f ,  Anct,  Lesqx.,  Cret.  Flora,  p.  114,  pi.  xxvii,  fig.  5;  pi. 

XXX,  fig.  11. 

TERTIARY. 

CRYPTOGAMS. 

Fungi. 
Spheria^  Haller. 

1.  Spheria  lapidea^  Lesqx.,  Tert.  Flora,  p.  34,  pi.  i,  fig.  3. 

2.  Spheria  myriccB,  Lesqx.,  Tert.  Flora,  p.  34,  pi.  i,  iLg.  4* 

3.  Spheria  rhytismoides^  Lesqx.,  Tert.  Flora,  p.  35,  pi.  i,  figs.  5,  5  a. 

Sclerotiuniy  Tode. 

4.  Sclerotium  rubellumj  Lesqx.,  Tert.  Flora,  p.  35,  pi.  i,  figs.  2-2/. 

LlOHENES. 

Opegrapha,  Pers. 

5.  Opegrapha  antiqtiaj  Lesqx.,  Tert.  Flora,  p.  36,  pi.  i,  figs.  1-1  c. 

Algjq. 
HalymeniteSj  Sterab. 

6.  Halymenites  striatus,  Lesqx.,  Tert.  Flora,  p.  37,  pi.  i,  fig.  6. 

7.  Halymenites  major ^  Lesqx.,  Tert.  Flora,  p.  38,  pi.  i,  figs.  7,  8.  j 

8.  Halymenites  minor^  F.  O.,  Tert.  Flora,  p.  39,  pi.  i,  fig.  9. 

i 

Delesseria,  Lamx.  ! 

9.  Delesseria  fulva^  Lesqx.,  Tert.  Flora,  p.  39,  pi.  i,  fig.  10. 

Caulerpites,  Schp. 

10.  Caulerpites  inerassatus^  Lesqx.,  Tert.  Flora,  p.  40,  pi.  1,  figs.  11, 12.—  , 
Delesseria  inerassata^  Lesqx.,  Add.  Report,  1872,  p.  374;  Tert  i 
Flora,  p.  40,  pi.  i,  figs.  11, 12.  i 
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Chondrites^  Schp. 

LI.  Chondrites  snbsiiwplexj  Lesqx.,  Tert.  Flora,  p.  41,  pi.  i,  fig.  13. 

12.  Chondrites  bulbostis^  Lesqx.,  Tert.  Flora,  p.  42,  pi.  i,  fig.  14. 

13.  Chondrites  (species),  Heer,  Fl.  Alask.,  p.  21,  tab.  x,  fig.  5. 

Fueusj  Linn. 
L4.  Fuctis  lignitum,  Lesqx.,  Tert.  Flora,  p.  42,  pi.  Ixi,  figs.  24,  24  a. 

Musci. 
Hypnum.  Linn. 
L5.  Hypnum  Haydeniij  Lesqx.,  Tert.  Flora,  p.  44,  pi.  v,  figs.  14,  14  6. 

FlLICES. 

SphenopteriSy  Brgt. 

L6.  Sphenopteris  Ldkesiiy  Lesqx.,  Tert.  Flora,  p.  40,  pi.  ii,  figs.  1,  1  a. — 
Sphencpteris  eocenica^  Ett.,  Lesqx.,  Ann.  Eeport,  1872,  p.  376. 

L7.  Sphenopteris  elongataj  Kewby.,  Boston  Jonrn.  Kat.  Hist.,  1863,  p.  6. 

L8.  Sphenopteris  membranaeeaj  Lesqx.,  Tert.  Flora,  p.  50,  pi.  ii,  figs.  2, 
2  a,  3,  3  a. 

19.  Sphenopteris  nigricans^  Lesqx.,  Tert.  Flora,  p.  51,  pi.  ii,  figs.  4-5  a. 

Hymenophyllum^  Klf. 

K).  Hymenophyllum  confusum^  Lesqx.,  Tert.  Flora,  p.  51,  pi.  ii,  figs.  ^-^  a, 

PteriSj  Linn. 

\l.  Pteris  pseudopenncefomixs^  Lesqx.,  Tert.  Flora,  p.  52,  pi.  iv,  figs.  3, 4. — 

Pteris  pennceformisj  Heer. — Lesqx.,  Annual  Eeport,  1873,  p.  392. 
12.  Pteris  subsimplex^  Lesqx.,  Tert.  Flora,  p.  52,  pi.  iv,  figs.  5-7. 
3.  Pteris  erosa^  Lesqx.,  Tert.  Flora,  p.  53,  pi.  iv,  fig.  8. 
^.  Pteris  SitkensiSj  Heer,  Flora  Alask.,  p.  21,  tab.  i,  fig.  7  a. 

Woodwardia^  Stn. 

15.  Woodwardia  latiloba  Lesqx.,  Tert.  Flora,  p.  54,  pi.  ill,  figs.  1, 1  a, 

6.  Woodwardia  latiloba  var.  minora  Lesqx.,  Tert.  Flora,  p.  54,  pi.  iv^ 

figs.  9,  9  a. 

Diplazium^  Sw. 

7.  Diplazium  Muelleri  f ,  Heer,  Lesqx.,  Tert.  Flora,  p.  55,  pi.  iv,  figs. 

10, 10  a. 

Lastreay  Presl. 

8.  Lastrea  {Ooniopteris)  Ooldianaj  Lesqx.,  Tert.  Flora,  p.  56,  pi.  iv,  fig. 

13. — Aspidium  goldianumj  Lesqx.,  Annual  Eeport,  1873,  p.  393. 
59.  Lastrea  {Ooniopteris)  intermedia^  Lesqx.,  Tert.  Flora,  p.  56,  pi.  iv, 

fig.  14. — Aspidium  pulchellumf  or  A.  Fischeri^  Heer. — Lesqx., 

Annual  Eeport,  1870,  p.  384. 
0.  Lastrea  {Ooniopteris)  polypodioidesf,  Ett.,  Tert.  Flora,  p.  57,  pi.  iv, 

figs.  11,  12. 

32  G 
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3L  Aapidium  Kennerlyiy  Ifewby.,  Boston  Joorn.  Nat  Hist,  18^,  p.  8. 

OymnogramfMLj  Desv. 

32.  Oyrhnogramma  Oardneriy  Lesqz.,  Tert.  Flora,  p.  58,  pi.  iv,  fig.  2.- 

Pteris  Oardnerij  Lesqx.,  Annual  Report,  1873,  p.  393. 

33.  Oymnogramma  Haydenii,  Lesqx.,  Tert.  Flora,  p.  59,  pi.  v,  figs.  1-3. 

Osmundaj  Linn. 

34.  Osmunda  affinis^  Lesqx.,  Tert.  Flora,  p.  60,  pi.  iv,  flg.  1.— Pfeni 

afflnis^  Lesqx.,  Annnal  Report,  1873,  p.  392. 

Lygodium^  Sw. 

35.  Lygodium  neuropteroidesj  Lesqx.,  Tert.  Flora,  p.  61,  pi.  v,  figs*  ^^1 

pi.  vi,  flg.  1. 

36.  Lygodium  Marvinei^  Lesqx.,  Tert.  Flora,  p.  62,  pi.  v,  fig.  8. 

37.  Lygodium  Dentoni^  Lesqx.,  Tert.  Flora,  p.  63,  pi.  Ixv,  figs.  12, 13. 

38.  Lygodium  compactumj  Lesqx.,  Tert.  Flora,  p.  64,  pi.  v,  fig.  9. 

Onoclea.  L. 

39.  Onoclea  sensibilis^  Linn. — ^Newby.,  Ext.  Floras,  p.  39,  pi.  8,  flg.  1;  ^ 

iv,  figs.  1-5. 

40.  Taniopteris  Oihbsii,  I^ewby.,  Boston  Joarn.  Nat.  Hist,  1863,  p.  ?• 

Rhizocabpjs. 
Salvinia^  Michx. 

41.  Salvinia  cyclophylla^  Lesqx.,  Tert  Flora,  p.  64,  pi.  v,  figs.  10,  lOo. 

42.  Salvinia  Alleni,  Lesqx.,  Tert  Flora,  p.  65,  pi.  v,  fig.  IL^-OpUogl^ 

sum  Alleniy  Lesqx.,  Annual  Report,  1872,  p.  371. 

43.  Salvinia  attenuata^  Lesqx.,  Tert  Flora,  p.  65^  pi.  Ixiv,  fig.  14,  Ufl* 

GALAMARI^. 
Equisetacejs. 
JEquisetum^  Linn. 

44.  Equisetum  Haydeniiy  Lesqx.,  Tert  Flora,  p.  67,  pi.  vi,  figs.  2-4. 

45.  Equisetum  Icsvigatumj  Lesqx.,  Tert.  Flora,  p.  68,  pi.  vi.  figs.  6, 7. 

46.  Equisetum  Wyomingense^  Lesqx.,  Tert.  Flora,  p.  69,  pi.  vi,  figs.  ^^^ 

47.  Equisetum  robustum,  Newby.,  Boston  Joarn.  Nat  Hist,  1863,  p.S. 
4S.  Equisetum  limosum  f ,  Linn.,  Lesqx.,  Tert.  Flora,  p.  69,  pi.  vi,  fig'  ^ 

LYCOPODIACE-aS. 

Lycopodiumj  Linn. 
49.  Lycopodium  prominens^  Lesqx.,  Tert  Flora,  p.  45,  pi.  v,  figs.  13,13* 
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SelagineltOf  Beaav. 

50.  SelagineUa  Berthoudij  Lesqx.,  Tert.  Flora,  p.  46,  pi.  v,  figs.  12, 12  a. 

51.  Selaginella/aleata^  Lesqx.,  Tert.  Flora,  p.  46,  pi.  Ixi,  figs.  12, 15;  pi. 

Ixiv,  figs.  13, 13  a. 

52.  Selaginelkb  laciniataj  Lesqx.,  Tert  Flora,  p.  47,  pi.  ixiv,  figs.  12, 12  a. 

Pgilotum^  Swartz. 

53.  Psilotum  inerme^  Newby.,  Ext.  Floras,  p.  38,  pi.  viii,  fig.  3. 

PH^NOGAM^. 

OYMNOSPEBMiE. 

Zamics. 
ZamiostrobuSy  Endl. 

54.  Zamiastrobust  mirabUia^  Lesqx.,  Tert  Flora,  p.  70,  pi.  Ixiii,  figs.  1, Id. 

OONIFEE^. 

GT7PBESSINEJ3. 

Widdringtoniaj  Endl.  " 

55.  Widdringtania  t  complanataj  Lesqx.,  Tert  Flora,  p.  72,  pi.  Ixii,  figs. 

13,14. 

Taxodium^  Rich. 

56.  Taxodium  distichum  miocenicum^  Heer,  Lesqx.,  Tert.  Flora,  p.  73,  pi. 

vi,  figs.  12-14  a. 

57.  T(UM)dium  occidentdley  Fewby.,  Boston  Joom.  Nat.  Hist,  1863,  p. 

11 ;  Ext.  Floras,  p.  45,  pi.  xi,  figs.  1-^. — T.  dubium^  St.,  Lesqx., 
Annual  Beport,  1872^  p.  389 ;  1873,  p.  409. 

58.  Taxodium  Tinajorum.  Heer,  Flora  Alask.,  p.  22,  tab.  i,  figs.  1-5. 

59.  Taxodium  cuneatum^  Newby.,  Boston  Joarn.  Nat.  Hist,  1863,  p.  12. 

Taxitesj  Br. 

60.  TaxUes  microphylluSj  Heer,  Flora  Alask.,  p.  24,  tab.  i,  fig.  9. 

61.  Taxites  OlriJcij  Heer,  Flora  Alask.,  p.  23,  tab.  i,  fig.  8 ;  tab.  ii,  fig.  5  b. 

Thuya^  Brgt 

62.  Thuya  inUrrupta^  Newby.,  Ext  Floras,  p.  42,  pi.  xi,  figs.  5,  5  a. 

OlyptostrobuSj  Endl. 

63.  Olyptostrobus  Europww^  Heer,  Lesqx.,  Tert.  Flora,  p.  74,  pi.  vii,  figs. 

1,  2. — ^Newby.,  Ext  Floras,  p.  43,  pi.  xi,  figs.  6-8;  Boston  Joarn. 
Nat  Hist,  1863,  p.  12. 

ABIETINKS!. 

Sequoia^  Torr. 

64.  Sequoia  affinis^  Lesqx.,  Tert.  Flora,  p.  75,  pi.  vii,  figs.  3-* ;  pi.  Ixv, 

figs.  1-4. 
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SPADIOIFLOILSl. 

ABACEj3ES« 

Pistia^  LinD. 

08.  Pistia  corrugata^  Lesqx.,  Tert  Flora,  p.  103^  pi.  Ixi,  f.  1, 3, 4,6, 7,  ^11. 

AroidetB. 

Acorns^  Linn. 

99.  Aeoru%  braohystachysj  Heer,  Tert.  Flora,  p.  105,  pi.  xiv,  figs.  12-15. 

100.  Acortis  calamus  f ,  Linn.,  Lesqx.,  Am.  JoarD.  Sci.  and  Arts,  vol.  xxvii 

p.  365. 

MONOGOTTLEBONES  INOEBT^  SEDIS. 

Eriooaulorij  GroDov. 

101.  Eriocaulon  f  porosum^  Lesqx.,  Tert.  Flora,  p.  106,  pi.  xvi,  figs.  2, 2 «. 

102.  Phyllites  improbatus^  Lesqx.,  Tert.  Flora,  p.  107,  pi.  xiv,  tg,  18.- 

Rhizocaulon  gracilej  Lesqx.,  Ann.  Report,  1873,  p.  396. 

PRINOIPES. 

Palisob. 
Flahellaria,  Scbp. 

103.  Flabellnria  Zinkeni  f ,  Heer,  Tert.  Flora,  p.  110,  pi.  ix,  figs.  6, 8. 

104.  Flabellaria  Eocenica^  Lesqx.,  Tert.  Flora,  p.  Ill,  pi.  xiii,  figs.  1-3. 

8abalite8. 

105.  Sabalites  Qrayanus^  Lesqx.,  Tert.  Flora,  p.  112,  pi.  xii,  figs.  1, 2.- 

Sabal  Orayanay  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol.  xiii,  p.  412, 
pi.  xiv,  figs.  4,  5,  6. 

106.  Sabalites  CalifomicuSj  Lesqx.,  Whitney's  Qeoh  of  the  Aorif.  De(h 

p.  1,  pi.  i,  fig.  1. 

107.  Sabalites  fructiferj  Lesqx.,  Tert.  Flora,  p.  114,  pi.  xi,  figs.  3, 3  flr- 

Flabellaria  f  fructifera^  Lesqx.,  Ann.  iieport,  1873,  p.  396. 

Sabaly  Adans. 

108.  Sabal  CampbelU^  Newby.,  Boston*  Joum.  Nat.  Hist.,  1863,  p.  9;  Ext 

Floras,  p.  41,  pi.  x. — Sabalites  CampbelUj  ISewhj.j  Lesqx.,  Tert. 
Flora,  p.  113. 

109.  Sdbal  (sp.),  Newby.,  Boston  Joarn.  Nat.  Hist.,  1863,  p.  10. 

OeanomiteSj  Lesqx. 

110.  Oeonomites  Ooldianus^  Lesqx.,  Tert.  Flora,  p.  116,  pi.  ix,  fig.  9--" 

Palmacitea  OoldiantiSj  Lesqx.,  Ann.  Report,  1874,  p.  31L 

111.  Oeonomites  Schimperij  Lesqx.,  Tert.  Flora.,  p.  116,  pi.  x,  fig.  1. 

112.  Oeonomites  tenuirachts^  Lesqx.,  Tert.,  Flora,  p.  117,  pi.  xi,  fig.  l-— 

Flabellaria  longirachis  f ,  Ung.,  Lesqx.,  Aiin.  Report,  1873,  p.  396. 

113.  Oeonomites  Ungeri,  Lesqx.,  Tert.  Flora,  p.  118,  pi,  xi,  tig.  2. 
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OalamopsiSj  Heer. 

114.  Calamapais  Danai^  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii^  p.  411^ 

pi.  xiv,  figs.  1^  2,  3. 

Palmocarponj  Lesqx. 

115.  Falmocarpon  compositumj  Lesqx.,  Tert.  Flora,  p.  119,  pi.  xi,  fig.  4. — 

CarpoUihes  caniposittiSj  Lesqx.,  Sapplement  to  Annaal  Export* 
1871,  p.  16. 

116.  Falmocarpon  Mexicanutfij  Lesqx.,  Tert.  Flora,  p.  119,  pi.  xi,  fig.  5. — 

Carpoliihes  Mexicanus^  Lesqx.,  Supplement  to  Annaal  Eeport, 
1871,  p.  17. 

117.  Falmocarpon  commune^  Lesqx.,  Tert.  Flora,  p.  119,  pi.  xiii,  figs.  4-7. — 

CarpoUthes  palmarum^  Lesq.,   Sapplement  to  Annual  lieport^ 
1871,  p.  13;  Annaal  Keport,  1872,  pp.  382,  398. 

118.  Falmocarpon  iruncatum^  Lesqx.,  Tert.  Flora,  p.  120,  pi.  xi,  figs.  6-9^ 

119.  Falmocarpon  corrtLgatum^  Lesqx.,  Tert.  Flora,  p.  121,  pi.  xi,  f.  10, 11. 

120.  Falmocarpon  subcylindricv.m^  Lesqx.,  Tert.  Flora,  p.  121,  pi.  xi,  f.  12. 

DICOTYLEDONES. 
Apetal^. 

AMENTAGEiB. 

Myrica^cecB. 
Myrica^  Linn. 

121.  Myrica  Torreyi^  Lesqx.,  Tert.  Flora,  p.  129,  pi.  xvl,  figs.  3-10, 

122.  Myrica  acuminata^  Ung.,  Tert.  Flora,  p.  130,  pi.  xvii,  figs.  1-4. 

123.  Myrica  Copeana^  Lesqx.,  Tert.  Flora,  p.  131,  pi.  xvii,  fig.  5. 

124.  Myrica  wndulata  f,  Heer,  Lesqx.,  Tert.  Flora,  p.  131,  pi.  xvii,  f.  6-8w 

125.  Myrica  nigricans^  Lesqx.,  Tert.  Flora,  p.  132,  pi.  xvii,  figs.  9-12. 

126.  Myrica  Bolanderi^  Lesqx.,  Tert.  Flora,  p.  133,  pi.  xvii,  fig.  17. 

127.  Myrica  Ludwigiij  Schp.,  Tert.  Flora,  p.  133,  pi.  Ixv,  fig.  9. 

Comptonia, 

128.  Myrica  vindohonensiSy  Ett.,  Heer,  Flora  Alask.,  p.  27,  pi.  iii,  f.  4, 5. 

129.  Myrica  banJcsicefoliaj  Ung.,  Heer,  Flora  Alask.,  p.  28,  pi.  ii,  fig.  11. 

130.  Myrica  latiloba^  Heer,  var.  acutilohaf  Lesqx.,  Tert.  Flora,  p.  134,  pL 

xvii,  fig.  13. 
13L  Myrica  partita^  Lesqx.,  Tert.  Flora,  p.  134,  pi.  xvii,  fig.  14. 

132.  Myrica  Brongniartij  Ett.,  Tert.  Flora,  p.  135,  pi.  xvii,  i^g,  15. 

133.  Myrica  inHgnis,  Lesqx.,  Tert.  Flora,  p.  135,  pi.  Ixv,  figs.  7,  8. 

134.  Myrica  t  Lessigii,  Lesqx.,  Tert.  Flora,  p.  136,  pl.  Ixiv,  fig.  1. 

Betulacb^. 
Betula^  Linn. 

135.  Betula  prisca,  Ett,  Heer,  Flora  Alask.,  p.  28,  pl.  v,  figs.  3-6. 

136.  Betula  grandifolia^  Ett.,  Heer,  Flora  Alask.,  p.  29,  pl.  v,  fig.  8. 

137.  Betula  Vogdesii,  Lesqx.,  Tert.  Flora,  p.  137,  pl.  xvii,  figs.  18, 19. 

138.  Betula  gracilis^  Ludw.,  Lesqx.,  Tert.  Flora,  p.  138,  pl.  xvii,  fig.  20. 

139.  Betula  Ooepperti^  Lesqx.,  Tert.  Flora,  p.  138,  pl.  xvii,  figs.  21-23. 
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140.  Betula  caudaia^  Goepp.,  Lesqx.,  Annaal  Report,  1871,  p.  293. 

141.  Betula  Stevensoni,  I^sqx.,  Tert.  Flora,  p.  139,  pi.  xviii,  figs.  1-5. 

142.  Betula  wqualiSy  Lesqx,y  Whitney^B  Geol.  of  the  Aurif.  Dep..  p.2, 

pi.  i,  figs.  2-4. 

Alnm^  Toarnef. 

143.  Alnus  Kefersteiniij  Goepp.,  Lesqx.,  Tert.  Flora,  p.  140,  pi.  xviil 

figs.  0-8 ;  pi.  Ixiv,  fig.  11. 

144.  Alnus  serratay  Newby.,  Ext.  Floras,  p.  55,  pi.  xvi,  figs.  10,  II. 

AlniteSy  Sap. 

145.  Alnites  incequilateralisy  Lesqx.,  Tert.  Flora,  p.  141,  pi.  Ixii,  figs.  1-4 

OUPULIFER-aS. 

CarpintiSj  Linn. 

140.  Carpintis  grandisy  Ung.,  Lesqx.,  Tert.  Flora,  p.  143,  pi.  xix,  fig.  9; 
pi.  Ixiv,  figs.  8-10  5  Geol.  of  Vermont,  p.  710.— Newby.,  Boston 
Journ.  ^at.  Hist.,  1803,  p.  14. 

CoryltiSj  Toorn. 

147.  Carylus  MacQuarrii^  (Forbes)  Heer,  Lesqx.,  Tert.  Flora,  p.  144, 

pi.  xviii,  figs.  9-11. 

148.  Corylus  grandifolia,  Newby.,  Ext.  Floras,  p.  69,  pi.  xv,  fig.  5. 

149.  Corylus  orbiculata^  Newby.,  Ext.  Floras,  p.  58,  pi.  xv,  fig.  4. 

150.  Corylus  Americana^  Walt.,  Ext.  Floras,  p.  59,  pi.  xiv,  figs.  8-10. 

151.  Corylus  rostrata^  Ait.,  Newby,  Ext.  Floras,  p.  00,  pi.  xv,  figs.  1-3. 

FaguSi  Tcuni. 

152.  Fagus  Feronio!,  Ung.,  Heer,  Flora  Alask.,  p.  31,  pi.  vi,  fig.  9.— Lesqx, 

Tert.  Flora,  p.  140,  pi.  xix,  figs.  1-3. 

153.  Fagv^  maxsrophylla^  tJog.,  Heer,  Flora  Alask.,  p.  31,  pi.  viii,  fig.  2. 

154.  Fagus  Antipoji,  Heer,  Flora  Alask.,  p.  30,  pi.  v,  fig.  4  a;  pi.  vii,  figs. 

4-8;  pi.  viii,  fig.  1. — Lesqx.  in  Whitney's  Geol.  of  the  Aurif.  Dep, 
p.  3,  pi.  ii,  fig.  13. 

155.  Fagus  ferrugineaj  Michx.,  Lesqx.,  Geol.  of  Tenn.,  p.  427,  pi.  K,  fig.  11* 
150.  Fagus  pseudo-ferrugineaj  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  l)ep., 

p.  3,  pi.  ii,  fig.  14. 

157.  Fagus  Hitchcockiij  Lesqx.,  Geol.  of  Vermont,  p.  714,  figs.  120, 127. 

Qtiercusj  Linn. 
§  1. — Leaves  entire. 

158.  Qnercus  neriifoUd,  Al.  Br.,  Lesqx.,  Tert.  Flora,  p.  150,  pi.  xix,  f.  4-0. 

159.  Qnercus  straminea^  Lesqx.,  Tert.  Flora,  p.  151,  pi.  xix,  figs.  0-7. 

100.  Qnercus  chloro2}hylla,  Ung.,  Lesqx.,  Tert.  Flora,  p.  151,  pi.  xxi,  fig.  3. 

101.  Qnercus  cinereoides,  Lesqx.,  Tert.  Flora,  p.  152,  pi.  xxi,  fig.  0. 

102.  QnerctLs  eUenoides,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  P- 

4,  pi.  i,  figs.  9-12. 

103.  Qnercus  convexa^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  4, 

pi.  i,  fig.  13-17. 

104.  Qnercus  viretis,  Michx.,  Lesqx..  Am.  Journ.  Sci.  and  Arts,  vol.  xxvii, 

p.  363. 


I.E6QUEREUX.)  TERTIARY  PLANTS — CUPULIFERiE.    •  505 

165.  Quercus  myrtifolia^  Willd.,  Lesqx.,  Geol.  of  Teno.,  p.  427,  pi.  K,  fig.  3. 

166.  Quercus  coriacea,  Kewby.,  Boston  Jonrn.  Nat.  Hist.,  18: 3,  p.  15. 

167.  Quercm  elliptica^  Newby.,  Boston  Jonrn.  Nat.  Hist.,  1863,  p.  17. 

168.  Quercus  multinerviSy  Lesqx.,  Am.  Jonrn.  Sci.  and  Arts,  vol.  xxvii, 

p.  360. 

169.  Quercus  Benzoin^  Lesqx.,  Am.  Jonrn.,  loc.citj  i).  360. 

170.  Qu^ercus  Evansii^  Lesqx.,  Am.  Jonrn.,  loc.  ctY.,  p.  360. 

171.  Quercus  Lyelliiy  Heer,  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p. 

415,  pi.  xvii,  figs.  1,  2,  3. 

172.  Quercus  retractaj  Lesqx.,  Trans.  Am.  Pbilos.  Soc.,  vol.  xiii,  p.  416,  pi. 

xvi,  figs.  4,  5. 

173.  Quercus  chlorophyllay  Ung.,  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii, 

p.  416,  pi.  xvii,  figs.  5,  6,  7. 

§  2. — Leaves  serrate,  dentate^  or  crenate. 

174.  Quercus  Gaudinij  Le^qx.,  Am.  Jonrn.  Sci.  and  Arts,  vol.  xxvii,  p. 

360. 

175.  Quercu^Sj  platinervis,  Lesqx.,  Am.  Jonrn.,  loc.  citj  p.  361. 

176.  Quercus  Yaldensis^  Heer,  Lesqx.,  Tert.  Flora,  p.  153,  pi.  xix,  fig.  8. 

177.  Quercus  Oodeti  f,  Heer,  Lesqx.,  Tert.  Flora,  p.  153,  pi.  xx,  fig.  1. 

178.  Quercus  Boweniana^  Lesqx.,  Whitney's  Geol.  of  the  Anrif.  Dep.,  p. 

6,  pi.  ii,  figs.  5,  6. 

179.  Quercus  Ooeppertij  Lesqx.,  Whitney's  Geol.  of  the  Anrif.  Dep.,  p. 

7,  pi.  ii,  fig.  11. 

180.  Querus  Voyana^  Lesqx.,  Whitney's  Geol.  of  the  Anrif.  Dep.,  p.  8, 

pi.  ii,  fig.  12. 

181.  Quercus  distincta^  Lesqx.,  Whitney's  Geol.  of  the  Anrif.  Dep.,  p.  6, 

pi.  ii,  figs.  7,  9. 

182.  Quercus  Nevadensis^  Lesqx.,  Whitney's  Geol.  of  the  Anrif.  Dep.,  p. 

5,  pi.  ii,  figs.  3,  4. 

183.  Quercus  crassinervisj  Ung.,  Lesqx.,  Geol.  of  Tenn.,  p.  427,  pi.  K,  fig.  1. 

184.  Quercus  flexuosa^  Newby.,  Boston  Jonrn.  Nat.  Hist.,  1863,  p.  16. 

185.  Quercus  Saffordi,  Lesqx.,  Geol.  of  Tenn.,  p.  427,  pi.  K,  figs.  2  a,  ft,  c. 

186.  Quercus  banksuefolia,  Newby.,  Boston  Jonrn.  Nat  Hist.,  1863,  p.  17. 

187.  Quercus  Clehumi,  Lesqx.,  Tert.  Flora,  p.  154,  pi.  xx.  fig.  2. 

188.  Quercus  f  fraxinifoUa^  Lesqx.,  Tert.  Flora,  p.  154,  pi.  xx,  fig.  3. 

189.  Quercus  Laharpi^  Gaud.,  Lesqx.,  Ann.  Eeport,  1871,  p.  297. 

190.  Quercus  EllisiaTiaf  Lesqx.,  Tert.  Flora,  p.  155,  pi.  xx,  figs.  4, 5,  7,  8. 

191.  Querctts  Pealei,  Lesqx.,  Tert.  Flora,  p.  156,  pi.  xx,  fig.  6. 

192.  Quercus  Haidingeri^  Ett.,  Lesqx.,  Tert.  Flora,  p.  156,  pi.  xx,  f.  9, 10. 

193.  Quercus  drymeja^  Ung.,  Lesqx.,  Tert.  Flora,  p.  157,  pi.  xix,  fig.  14. 

194.  Quercus  Haydenii,  Lesqx.,  Tert.  Flora,  p.  157,  pi.  xix,  fig.  10. 

195.  Quercus  acrodon^  Lesqx.,  Tert.  Flora,  p.  158,  pi.  xix,  figs.  11-13. 

196.  Quercus  VibumifoUaj  Lesqx.,  Tert.  Mora,  p.  159,  pi.  xx,  figs.  11- 

12. — Quercus  attenuataf,  Goepp.,  Lesqx.,  Ann.  Report,  1873,  p. 
398. — Quercus  triangularis^  Goepp.,  Lesqx.  (in  part),  Ann.  lie- 
port,  1872,  p.  377. 

197.  Quercus  pseudocastanea,  Goepp.,  Heer,  Flora  Alask.,  p.  32,  pi.  vi, 

figs.  3-5. 

198.  Quercus  Furuhjelmi,  Heer,  Flora  Alask.,  p.  32,  pi.  v,  fig.  10;  pi.  vi, 

figs.  1,  2. 

199.  Quercus  pandurata,  Heer,  Flora  Alask.,  p.  33,  pi.  vi,  fig.  6. 

200.  Quercu^s  Chamissoni^  Heer,  Flora  Alask.,  p.  33,  pi.  vi,  figs.  7,  8. 

201.  Quercus plataniaj^K^QV^  Lesqx.,  Tert.  Flora,  p.  160,  pi.  xxi,  fig.  1. 

202.  Quercus  Moorii,  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p.  415,  pi. 

xvi,  figs.  1,  2,  3. 


506  REPORT   UNITED   STATES   QEOLOGICAL   SURVEY. 

§  3, — Leaves  lohatey  border  entire. 

203.  Quercua  negundaides^  Lesqx.,  Tert.  Flora,  p.  161,  pi.  xzi,  fig.  2. 

204.  Quercus  pseudo-lyrataj  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep^ 

p.  8,  pi.  ii,  figs.  1,  2. 

205.  Qtiereus  angustiloha^  AL  Br.,  Lesqx.,  Tert.  Flora,  p.  161,  pi.  xxi,  figs. 

4,5. 

Dryaphyllunij  Debey. 

206.  Dryophyllum  {Quereus)  crefiatunij  Lesqx.,  Tert.  Flora,  p.  162,pl.liii, 

figs.  10  and  11. — Dryophyllum  crenatumj  Lesqx.,  Ann.  Bep^t, 
1874,  p.  301. 

207.  Dryophyllum  {Quer<ms)  suhfalcatum^  Lesqx.,  Tert.  Flora,  p.  163,  pL 

Ixiii,  fig.  10. 

Castaneay  Toarn. 

208.  Castanea  intermedia^  Lesqx.,  Tert.  Flora,  p.  164,  pi.  xxi,  fig.  7. 

209.  Castanea  Ungeri^  Heer,  Flora  Alask.,  p.  32,  pi.  vii,  figs.  1-3. 

210.  Vastanea  na^uij  Mahl.,  Lesqx.,  Am.  Joarn.  ISci.  and  Arts,  vol.  xxTii, 

p.  365. 

■  CastaneopsiSj  Sap. 

211.  Castaneopsis  chrysophylloideSj  Lesqx.,  Whitney's  Geol.  of  the  Aurit 

Dep.,  p.  9,  pi.  ii,  fig.  10. 

Saligine^. 
SaliXj  Linn. 

212.  Salix  integra^  Ooepp.,,Tert.  Flora,  p.  167,  pi.  xxii,  figs.  1,  2. 

213.  Salix  media^  Heer,  Lesqx.,  Tert.  Flora,  p.  168,  pi.  xxii,  fig.  3. 

214.  Salix  angusta^  Al.  Br.,  Lesqx.,  Tert.  Flora,  p.  168,  pi.  xxii,  figs.  4-5. 

215.  Salix  elongataj  O.  Web.,  Lesqx.,  Tert.  Flora,  p.  169,  pi.  xxii,  figs.  6, 7. 

216.  Salix  f  densinervis^  Lesqx.,  Oeol.  of  Tenn.,  p.  427,  pi.  K,  fig.  9. 

217.  Salix  Worthenii^  Lesqx.,  Trans.  Am.  Philos.  8oc.,  vol.  xiii,  p.  414, 

pi.  XV,  fig.  7. 

218.  Salix  califomica^  Lesqx.,  Whitney's  Geol.  of  the  Aari£  Dep.,  p.  M, 

pi.  i,  figs.  18-21. 

219.  Salix  tahellariSy  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol.  xiii,  p.  414,  pL 

xvii,  fig.  4. 

220.  Salix  m^wrophylla^  Heer,  Flora  Alask.,  p.  27,  pi.  ii,  fig.  9. 

221.  Salix  Lavaterij  Heer,  Flora  Alask.,  p.  27,  pi.  ii,  fig.  10. 

222.  Salix  ellipiica^  Lesqx.,  Whitnev's  Geol.  of  the  Aarif.  Dep.,  p.  10,  pL 

i,  fig.  22. 

223.  Salix  Islandica^  Lesqx.,  Am.  Joarn.  Sci.  and  Arts,  vol.  xxvii,  ptSW- 

224.  Salix  varians,  Goepp.,  Heer,  Flora  Alask.,  p.  27,  pi.  ii,  fig.  8;  pi.  iS» 

figs.  1,  2,  3. 

PopuluSy  Linn. 

225.  Populus  latiorj  Al.  Br.,  Heer,  Flora  Alask.,  p.  25,  pi.  ii,  fig.  4;  var. 

cordifolia^  Lesqx.,  Tert.  Flora,  p.  172,  pi.  xxii,  fig.  8. 

226.  Populus  svhrotundata^  Lesqx.,  Tert.  Flora,  p.  173,  pi.  xxiv,  flg8.M* 

227.  Popultis  glanduliferay  Heer,  Flora  Alask.,  p.  26,  pi.  ii,  figs.  l,-2. 

228.  Populus  balsamoideSj  Goepp.,  Flora.  Alask.,  p.  26,  pi.  ii,  fig.  3. 

229.  Populous  le^tcophylla,  Ung.,  Flora  Alask,  p.  26,  pi.  ii.  fig.  6. 

230.  Popuhis  melanaria,  Heer,  Lesqx.,  Tert  Flora,  p.  173,  pi.  Ixiv,  fig.  ^ 
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231.  Populus  melanariaiiesj  Lesqz.,  Tert.  Flora,  p.  174,  pi.  Ixii,  fig.  5. 

232.  Populus  Ungerij  Lesqx.,  Tert.  Flora,  p.  175,  pL  xxiv,  fig.  5. 

233.  Populus  heliadum^  Ung.,  Lesqx.,  Ann.  Beport,  1873,  p.  397. 

234.  Popultis  loBvigata^  Lesqx.,  Tert.  Flora,  p.  175,  pi.  xxii,  fig;  9. 

235.  Populus  ZaddacM^  Heer,  Flora  Alask.,  p.  26,  pi.  ii,  fig.  5  a. — Lesqx. 

Tert.  Flora,  p.  176,  pi.  xxii,  fig.  13;  Whitney's  Geol.  of  the  Aurif. 
Dep.,  p.  11,  pi.  8,  figs.  1-8. 

236.  Populus  Bichardsonij  Heer,  Lesqx.,  Tert.  Flora,  p.  177.  pi.  xxii,  figs. 

10-12. 

237.  Populus  rhoniboidea^  Lesqx.,  Am.  Jonm.  Sei.  and  Arts,  vol.  xxvii, 

p.  360. — ^Newby.,  Boston  Journ.  Nat  Hist,  1863,  p.  18. 

238.  Populus  numodouy  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol.  xiii,  p.  413, 

pi.  XV,  figs.  1,  2;  Tert.  Flora,  p.  180,  pi.  xxiv,  figs.  1,  2. 

239.  Populus  mutdbiliSy  var.  repando-crenataj  Heer,  Lesqx.,  Trans.  Am. 

Philos.  Soc,  vol.  xiii,  p.  413,  pi.  xviii,  figs.  4,  5,  6. 

240.  Popultis  mutdbilisj  var.  /.  ovalisj  Heer,  Lesqx.,  Tert.  Flora,  p.  177, 

pi.  xxiv,  figs.  3,  4. 

241.  Populus  arc^ica,  Heer,  Lesqx.,  Tert.  Flora,  p.  178,  pi.  xxiii,figs.  1-6. 

242.  Populus  decipiens^  Lesqx.,  Tert.  Flora,  p.  179,  pi.  xxiii,  figs.  7-11. 

243.  Populus  Nebrascencis^  Newby.,  Ext.  Floras,  p.  62,  pi.  xii,  figs.  4,  5. 

244.  Populus  cuneata^  Newby.,  Ext.  Floras,  p.  64,  pi.  xiv,  figs.  1-4. 

245.  Populus  genetrix^  Newby.,  Ext.  Floras,  p.  64,  pi.  xii,  fig.  1. 

246.  Populus  acerifoliay  Newby.,  Ext.  Floras,  p.  65,  pi.  xiii,  figs.  5-8. 

247.  Populus  smilacifoliaj  Newby.,  Ext.  Floras,  p.  66j  pi.  xiv.  figs.  5-7. 

248.  Populus  cordatay  Newby.,  Ext.  Floras,  p.  60,  pi.  xiv,  fig.  o. 

249.  Pcpulus  nervosa  J  Newby.,  Ext.  Floras,  p.  61,  pi.  xii,  figs.  2,  3. 

250.  Pc^mZtM  tiervosa^  Newby.,  var.  elongata^  Ext.  Floras,  p.  62,  pi.  xiii^ 

figs.  1-4. 

251.  Populus  flabellunij  Fewby.,  Boston  Joarn.  Nat.  Hist,  1863,  p.  18. 

Platane-e. 

PlatanuSy  Tonr. 

252.  Platanus  OuillelmWy  Goepp.,  Lesqx.,  Tert.  Flora,  p.  183,  pi.  xxv, 

figs.  1,  2,  3. 

253.  Platanus  aceroides^  Goepp.,  Lesqx.,  Tert.  Flora,  p.  184,  pi.  xxv,  figs. 

4,  5,  6. 

254.  Platanus  appendiculata^  Lesqx.,  Whitney's  Geol.  of  the  Aorif.  Dep., 

p.  12,  pi.  iii,  figs.  1-6 ;  pi.  vi,  fig.  7  h. 
255  Platanus  dissecta^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  13, 
pi.  vii,  fig.  12 ;  pi.  X,  figs.  4,  5. 

256.  Platanus  Eaydenii,  Newby.,  Ext  Floras,  p.  70,  pi.  xx,  fig.  1;  pi.  xxi. 

257.  Platanus  Eaynoldsiiy  Newby.,  Ext.  Floras,  p.  69,  pi.  xviii. — Lesqx., 

Tert.  Flora,  p.  185,  pi.  xxvi,  figs.  4-5 ;  pi.  xxvii,  figs.  1-3. 

258.  Platanus  rhomboideaj  Lesqx.,  Tert.  Flora,  p.  186,  pi.  xxvi,  figs.  6, 7» 

259.  Platanus  nobiliSj  Newby.,  Ext.  Floras,  p.  67,  pi.  xvii. 

Styracifluas. 

260.  Idquidambar  Europceum.  Al.  Br.,  Heer,  Flora  Alask.,  p.  25^  pi.  ii, 

fig.  7. 

261.  Liquidambar  Califomicumy  Lesqx.,  Whitney's  G^ol.  of  the  Anrif. 

Dep.,  p.  14,  pi.  7,  figs.  3,  6 }  pi.  6,  fig.  7  c. 
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URTICINJB. 
Ulmaoe^. 
UlmttSj  Linn. 

202.  UlmuB  tenuinervis^  Lesqx.,  Tert.  Flora,  p.  188,  pi.  xxvi,  figs.  1-3. 

263.  Ulmiis  plurinerviaj  Ung.,  Heer,  Flora  Alask.t,  p.  34,  pi.  v,  fig.  1. 

264.  Ulmua  affiniSy  Lesqx.,  Whitney's  Geol.  of  the  Aarifl  Dep.,  p.  li 

pi.  iv,  figs.  4,  5. 

265.  Ulmu8  pseudo  fulvay  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

.17,  pi.  iv,  fig.  3. 

266.  Ulmus  Calif  ornica^  Lesqx.,  Whitney's  Geol.  of  the  Anrif.  Dep.,  p. 

16,  pi.  iv,  figs.  1-2;  pi.  vi,  fig.  7  a. 

Planera^  Gmel. 

267.  Planera  longifolia^  Lesqx.,  Tert.  Flora,  p.  189,  pi,  xxvii,  figs.  4-fi. 

268.  Planera  Ungeri^  Btt.,  Lesqx.,  Tert.  Flora,  p.  190,  pi.  xxvii,  fig.  7. 

269.  Planera  microphylla^  Newby.,  Ext.  Floras,  p.  55,  pi.  xvi,  figs.  3, 4. 

270.  Planera  dubia,  Lesqx.,  Am.  Joarn.  Sci.  and  Arts,  vol.  xxvii,p.36L 

271.  Planera  Omelinij  Michx.,  Lesqx.,  Am.  Joarn.  Sci.  and  Arts,  yd 

xxvii,  p.  365. 

Celtibejb. 

CeltiSj  Tournf. 

272.  Celtis  brevifoliay  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol.  xiii,  p.  41^ 

pL  XX,  figs.  4,  5. 

MoRE^. 

Fi€U8j  Toarnf. 

§  1. — Pennin^erved  leaves. 

273.  Ficus  laiiceolatay  Heer,  Lesqx.,  Tert.  Flora,  p.  192,  pi.  xxviii,  figs. 

1-5. 

274.  Ficus  lynxy  Ung.,  Lesqx.,  Tert.  Flora,  p.  193,  pi.  xxviii,  fig.  6. 

275.  Fiem  multinervis^  Heer,  Lesqx.,  Tert.  Flora,  p.  194,  pi.  xxviii,  figs. 

7,8. 

276.  Ficus  oblanceolatay  Lesqx.,  Tert.  Flora,  p.  194,  pi.  xxviii,  figs.  9-12. 

277.  Flow  aren^icea^  Lesqx.,  Tert.  Flora,  p.  195,  pi.  xxix,  figs.  1-5. 

278.  Ficus  Vngerij  Lesqx.,  Tert.  Flora,  p.  195,  pi.  xxx,  fig.  3. 

279.  Ficus  irregularis  J  Lesqx.,  Tert.  Flora,  p.  196,  pi.  xxxiv,  figs.4-7; 

pi.  Ixiii,  fig.  9. 

280.  Ficus  uncata,  Lesqx.,  Tert.  Flora,  p.  197,  pl.  xxxv,  figs.  1, 1 «?  2.— 

Ficus  ulmifolia^  Lesqx,,  Ann.  Keport  of  1871,  Supplement,  p.  l^- 

281.  Ficus  Haydeniiy  Lesqx.,  Tert.  Flora,  p.  197,  pl.  xxx,  fig.  1. 

282.  Ficus  ovaliSj  Lesqx.,  Tert.  Flora,  p.  198,  pl.  xxx,  fig.  2. 

283.  Ficus  dalmaticaj  Btt.,  Lesqx.,  Tert.  Flora,  p.  199,  pl.  Ixiii,  figs.  W* 

284.  Ficus  spectabiliSy  Lesqx.,  Tert.  Flora,  p.  199,  pl.  xxxiii,  figs.  4, 5,6. 

285.  Ficus  f  Smithsoniana,  Lesqx.,  Tert.  Flora,  p.  200,  pl.  xxxii,  fig.  5. 

286.  Ficus  cuneata^  Newby.,  Boston  Joum.  of  Nat.  Hist.,  1863,  p.  19. 

287.  Ficus  f  (species),  Lesqx.,  Am.  Joarn.  Sci.  and  Arts,  vol.  xxvii, p.361. 
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§  2. — Palmately  nerved  leaves, 

MS.  Fictis  occidentalia,  Lesqx.,  Tert.  Flora,  p.  200,  pi.  xxxii,  fig.  4. — Dom- 
beyopsis  occidentalism  Lesqx.,  Ann.  Eeport,  1872,  p.  380. 

289.  Ficus  planicostatay  Lesqx.,  Tert.  Flora,  p.  201,  pi.  xxxi,  figs.  1-8, 10, 
11, 12. 

2^.  Ficus  planicostata  var.  latifoliaj  Lesqx.,  Tert.  Flora,  p.  202,  pi.  xxxi, 
fig.  9. 

291.  Ficus  planicostata  var.   Ooldiana^  Lesqx.,  Tert.  Flora,  p.  202,  pi. 

xxxiii,  figs.  1, 1  a,  2, 3. — Ficus  Olintaniy  Lesqx.,  Ana.  Report,  1872, 
p.  393. 

292.  Ficus  Schimperiy  Lesqx.,  Trans.  Am.  Pbilos.  Soc.,  vol.  xiii,  p.  417, 

pi.  xviii,  figs,  1,  2, 3. 

293.  Ficus  sordida^  Lesqx.,  Whitney's  G^ol.  of  the  Aarif.  Dep.,  p.  17, 

pi.  iv,  figs.  6,  7. 
294  Ficus  tilictfoliaj  Al.  Br.,  Lesqx.,  Tert.  Flora,  p.  203,  pi.  xxxii,  figs. 

1,  2,  2  a,  3 ;  pi.  Ixiii,  fig.  8;  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

18,  pi.  4,  figs.  8,  9. 
205.  Ficiis  microphylla,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

18,  pi.  iv,  figs.  10, 11. 

296.  Ficus  cinnamomoidesy  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p. 

417,  pi.  xvii,  fig.  8. 

297.  Ficus pseudo-populus^  Lesqx.,  Tert.  Flora,  p.  204,  pi.  xxxiv,  figs.  1  a,  2. 

298.  Ficus  Wyomingiana^  Lesqx.,  Tert.  Flora,  p.  205,  pi.  xxxiv,  fig.  3. 

299.  FUms  svbtruncata^  Lesqx.,  Tert.  Flora,  p.  205,  pi.  xxx,  figs.  7-9. 

300.  Ficus  auriculata^  Lesqx.,  Tert.  Flora,  p.  206,  pi.  xx<x,  figs.  4-6. 

301.  Ficus  asarifoliaj  Ett.,  Lesqx.,  Tert.  Flora,  p.  207,  pi.  1x1,  figs.  18-21. 

OLEEACE^. 

POLYGONE-aE. 

Coccoloba^  Jaeq. 

302.  Coccoloba  Icevigata^  Lesqx.,  Tert.  Flora,  p.  208,  pi.  xxxv,  fig.  7. 

Ntctiagine^. 

Pisoniay  Plum. 

303.  Pisonia  raceDWsa^  Lesqx.,  Tert.  Flora,  p.  200,  pi.  xxxv,  fig.  4. 

Serpentari^. 
Aristolookiay  Tourn. 

304.  Aristolochia  cordifolia^  Newby.,  Ext.  Floras,  p.  74,  pi.  xxv,  flg.  7. 

305.  Aristolochia  GSningensiSj  Heer,  Lesqx.,  Geol.  of  Vermont,  p.  715,  fig. 

134. 

306.  Aristolochia  curvata^  Lesqx.,  Geol.  of  Vermont,  p.  715,  figs.  135, 136. 

307.  Aristolochia  obscura^  Lesqx.,  Geol.  of  Vermont,  p.  715,  figs.  137, 

138, 141. 

PROTEINE^. 

Protee^. 

Lomatia^  B.  Br. 

308.  Lomatiat  microphyllaj  Lesqx.,  Tert.  Flora,  p.  211,  pi.  Ixv,  f.  14, 15. 
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LAUBINEiB. 

LauruSj  Linn. 

309.  Laurus  socialise  Lesqz.,  Tert.  Flora,  p.  213,  pL  xxxvi,  f.  1, 2, 3,4,7. 

310.  Laurus  primigeniaj  Ung.,  Lesqx.,  Tert.  Flora,  p.  214,  pL  xxxvi,  fig& 

6,  6,  8. 

311.  Laurua  oooteotdeSj  Lesqx.,  Jert.  Flora,  p.  215,  pi.  xxxvi,  fig.  10. 

312.  Laurua  prcBBianSy  Lesqx.,  Tert.  Flora,  p.  215,  pi.  Ixiii,  fig.  7. 

313.  Laurua  UtahenaUy  Lesqx.,  Tert.  Flora,  p.  216,  pL  xxxvi,  fig.  IL 

314.  Laurus  Brassianaj  Lesqx.,  Tert.  Flora,  p.  216,  pi.  xxxvi,  fig.  9. 

Persea,  Gaert. 

315.  Peraea  paeudo-CaroUne^vaia^  Lesqx.,  Whitney's  Geol.  of  the  Aorit 

Dep.,  p.  19,  pi.  Til,  figs.  1,  2. 

Tetranthera^  Jack. 

316.  Tetranihera  aeaailiflora^  Lesqx.,  Tert.  Flora,  p.  217,  pi.  xxxiv,  figs* 

1  c,  1  d ;  pi.  XXXV,  figs.  8,  9. 

Cinnamomumj  Barm. 

317.  Cinnamomum  lanoeolatum,  Xing.,  Lesqx.,  Tert.  Flora,  p.  219,  pL 

xxxvi,  fig.  12. 

318.  Cinnanu^mum  Scheuchzeriy  Heer,  Lesqx.,  Tert.  Flora,  p.  ^,  pi* 

xxxvii,  fig.  8. 

319.  Cinnamomum  polymorpfium^  Al.  Br.,  LesqXc,  Tert  Flora,  p.  221,  pi 

xxxvii,  figs.  6, 10. 

320.  Cinnamomum  affine^  Lesqx.,  Tert.  Flora,  p.  219,  pi.  xxxvii,  fig& 

1-5,  7. 

321.  Cinnamomum  Miaaiaaippienae^  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol 

xiii,  p.  418,  pi.  xix,  fig.  2. 

322.  Cinnamomum  Meerii^  Lesqx.,  Am.  Joarn.  Sci.  and  Arts,  vol.  xxviij 

p.  361. — Newby.,  Boston  Journ.  Nat.  Hist.,  1863,  p.  13. 

323.  Cinnamomum  craaaipea^  Lesqx.,  Am.  Journ.  Sci.  and  Arts,  voLxrrii, 

p.  361. 

324.  Cinnamomum  Novas  A7iglice,  Lesqx.,  Geol.  of  Vermont,  p.  716,  fig.  l& 

Daphnogene,  Ung. 

325.  Daphnogene  anglica  f ,  Heer,  Lesqx.,  Tert.  Flora,  p.  222,  pi.  xxxvii, 

fig.  9. 

GAMOPETAL^. 

LONIGEBE^. 

Yiburiium^  Linn. 

326.  Viburnum  marginatum^  Lesqx.,  Tert.  Flora,  p.  223,  pi.  xxxvii,  flg> 

11 ;  pi.  xxxviii,  figs.  1-5. 

327.  Viburnum  platanoidea,  Lesqx.,  Tert.  Flora,  p.  224,  pi.  xxxviii,  f.8,9. 

328.  Viburnum  rotundifolium,  Lesqx.,  Tert.  Flora,  p.  225,  pi.  xxxvii,  fig- 

12;  pi.  xxxviii,  fig.  10:  pi.  Ixi,  fig.  22. 

329.  Viburnum  dichotomuMj  Lesqx.,  Tert.  Flora,  p.  225,  pl.  xxxviii,  fig*  & 
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330.  Tibumum  Whymperi  f ,  Heer,  Lesqx.,  Tert.  Flora,  p.  225,  pi.  xxxviii, 

fig.  7 ;  pi.  Ixi,  fig.  23. 

331.  Vibv/mum  Lakesii^  Lesqx.,  Tert  Flora,  p.  226,  pl.  xxxvii,  fig.  13. 

332.  Yibumum  anceps^  Lesqx.,  Tert.  Flora,  p.  227,  pl.  xxxviii,  fig.  11. 

333.  Viburnum  asperum,  Newby.,  Ext.  Floras,  p.  64,  pl.  xvi,  fig.  8. 

334.  Vibttmum  lanceolatum^  Kewby.,  Ext.  Floras,  p.  54,  pl.  xvi,  fig.  9. 

335.  Viburnum  NordensJcioldij  Heer,  Flora  Alask.,  p.  36,  pl.  iii,  fig.  13. 

336.  Viburnum  Ooldianumj  Lesqx.,  Tert.  Flora,  p.  227,  pl.  Ix,  figs.  2-2  o. 

337.  Viburnum  solitarium^  Lesqx.,  Tert.  Flora,  p.  227,  pl.  Ix,  fig.  3. 

Thymelage^. 

Elwagnusj  Linn. ' 

338.  Ekeagnus  inceqttalis^  Lesqx.,  GeoL  of  Tenn.,  p.  428,  pl.  E,  fig.  7. 

ASCLEPIADINE^. 
Oleage^. 

Fraxinua^  Tourn. 

339.  Fraxinus  denticulata^  Heer,  Lesqx.,  Tert.  Flora,  p.  228,  pl.  xl,  f.  1, 2. 

340.  Fraxinus  prcddicta^  Heer,  Tert.  Flora,  p.  229,  pl.  xl,  fig.  3. 

341.  Fraxinus  Focenicay  Lesqx.,  Tert.  Flora,  p.  229. 
341  a.  F.  Broumelliij  Lesqx.,  Tert.  Flora,  p.  230. 

DIOSPYRINB^. 
Ebenage^. 

IHospyroSj  Linn. 

342.  Diospyros  lancifoHa^  Lesqx.,  Am.  Jonrn.  Sci.  and  Arts,  vol.  xxvii,  p. 

361. — Heer,  Foss.  Plants  of  Vancouver,  p.  8,  pl.  1,  figs.  10-12;  pl. 
2,  figs.  1,  2,  3. 

343.  Diospyros  stenoaepala^  Heer,  Flora  Alask.,  p.  35,  pl.  viii,  figs.  7,  8. 

344.  IHospyroa  fiooidea^  Lesqx.,  Tert.  Flora,  p.  231,  pl.  xl,  figs.  5,  6. 

345.  Diospyros  brachysepaUiy  Al.  Br.,  Lesqx.,  Tert.  Flora,  p.  232,  pl.  xl, 

figs.  7-10;  pl.  Ixiii,  fig.  6. 

346.  Diospyros  Copeanaj  Lesqx.,  Tert.  Flora,  p.  232,  pl.  xl,  fig.  11. 

347.  Diospyros  Wodanij  Ung.,  Tert.  Flora,  p.  233,  pl.  lix,  fig.  13. — Oaly 

cites  hexaphylUij  Lesqx.,  Ann.  Eeport,  1872,  p.  402. 

SapotaciteSj  Ett. 

348.  Sapotacitea  AmcricanuSy  Lesqx.,  Geol.  of  Tenn.,  p.  428,  pl.  K,  fig.  8. 

ERICINE^. 

Ebioage^. 
Andromeda^  Linn. 

349.  Andromeda  Chrayana^  Heer,  Foss.  Plants  of  Vancouver,  p.  7,  pl.  1, 

figs.  7-9.— Lesqx.,  Tert.  Flora,  p.  234,  pl.  xl,  fig.  4. 

350.  Andromeda  reticulata  f ,  Lesqx.,  Ann.  Keport,  1871,  p.  298. 

351.  Andromeda  dubia,  Lesqx.,  Geol.  of  Tenn.,  p.  428,  pl.  K,  fig.  5. 

352.  Andromeda  vaccinif olios  affinis,  Lesqx.,  Geol.  of  Tenn.,  p.  428,  pl.  K, 

fig.  4,  a,  b. 
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Vacoiniunij  Bnpp. 

353.  Vaocinium  Friesiij  Heer,  Flora  Alask.,  p.  35,  pi.  viii,  fig.  4. 

354.  Vaocinium  retieulatumf^  AL  Br.,  Lesqx.,  Tert.  Flora,  p.  235,  pL  lix, 

POLYPE^AL^. 

Umbelliflor^. 

Araliacece. 

AraliUj  Tourn. 

355.  Aralia  gracilis^  Lesqx.,  Tert.  Flora,  p.  236,  pi.  xxxix,  fig.  1.— Xigw* 

datnbar  gradle^  Lesqx.,  Anuual  Report,  1871,  p.  287. 

356.  Aralia  angnstiloha^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

22,  pi.  5,  figs.  4,  5. 

357.  Aralia  Whitneyij  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  20, 

pi.  V,  fig.  1. 

358.  Aralia  Zaddachif  J  fleer,  Lesqx.  in  Whitney's  Geol.  of  the  Aunt 

Dep.,  p.  21,  pi.  V,  figs.  2,  3. 

359.  Aralia  triloba^  Newby.,  Ext.  Floras,  p.  58,  pi.  xxv,  figs.  4,  5. 

360.  Aralia  notata^  Lesqx.,  Tert.  Flora,  p.  237,  pi.  xxxix,  figs.  2-4.— P/fl- 

tanus  dtibia,  Lesqx.,  Annaal  Eeport,  1873,  p.  406. 

Hedera^  Linn. 

361.  Hedera  auriculata^  Heer,  Flora  Alask.,  p.  36,  pL  ix,  fig.  6. 

Amfelideje:. 

CiHBuSy  D.  O. 

362.  Ciasm  laevigata,  Lesqx.,  Tert.  Flora,  p.  238,  pi.  xl,  figs.  12,  13. 

363.  Cissxis  Farrotiwfolia,  Lesqx.,  Tert.  Flora,  p.  239,  pi.  xl,  figs.  15-17  j 

pi.  xlii,  fig.  1. 

364.  Ci88U8  lobatocrenata,  Lesqx.,  Tert.  Flora,  p.  240,  pi.  xU,  figs.  1-3. 
^Oo.  Cmu8  tricxispidata,  Heer,  Lesqx.,  Tert.  Flora,  p.  240,  pi.  xli,  f.  4r-7. 

Viti8j  Linn. 

?fi7'  V^S^  crenata,  Heer,  Flora  Alask.,  p.  36,  pi.  viii,  fig.  6. 
?fi«    X-.*  ^^^^^h  Heer,  Lesqx.,  Tert.  Flora,  p.  241,  pi.  xli.  fig.  8. 
ooo.    vitis  sparsa,  Lesqx.,  Tert.  Flora,  p.  241,  pi.  Ix,  fig.  24. 

Ampelop^iSy  Michx. 
369.  Ampelopsis  tertiaria,  Lesqx.,  Tert.  Flora,  p.  242,  pl.  xliii,  fig.  1. 

Corner. 
Cornus^  Tourn. 

.  Cornv^  l^orMfera,  Lesqx.,  Tert.  Flora,  p.  243,  pl.  xlii,  fig.  2.-Cof 
371.  Cornua  ovaiLV^^^^^  Lesqx.,  Annual  Report,  1873,  p.  402. 

pl-  «,  tigs^i  2  ^^-^  Whitney's  Geol.  of  the  Aurif.  Dep..  p-33, 
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>72.  Comus  Kelloggiij  Lesqx.,  Whitney's  Geol.  of  the  Aarif.  Dep.,  p.  23^ 
pi.  6,  fig.  3. 

173.  Comus  impressa,  Lesqx.,  Tert.  Flora,  p.  243,  pi.  xlii,  fig.  3. 

174.  Comus  Studerify  Heer,  Lesqx.,  Tert.  Flora,  p.  244,  pi.  xlii,  figs.  4,  5. 
►75.  Comus  rhamnifolia^  O.  Web.,  Lesqx.,  Tert.  Flora,  p.  244,  pi.  xlii, 

fig.  6. 
i76.  Comtis  acuminata^  Newby.,  Ext.  Floras,  p.  71,  pi.  xx,  figs.  2,  3,  4. 

Nysse^. 
Nyssa,  Lino. 

177.  Nyssa  lanceolata^  Lesqx.,  Tert.  Flora,  p.  245,  pi.  xxxv,  figs.  5,  6. 
^78.  Nyssa  complanata^  Lesqx.,  Geol.  of  Vermont,  p.  717,  fig.  153. 

179.  Nyssa  microcarpa^  Lesqx.,  Geol.  of  Vermont,  p.  717,  fig.  154. 

180.  Nyssa  Icevigata^  Lesqx.,  Geol.  of  Vermont,  p.  717,  fig.  151. 

COENICULACE.E. 
Saxifrages. 

CalUcoma,  Andrews. 

)81.  Callicoma  microphylla^  £tt.,  Lesqx.,  Tert.  Flora,  p.  246,  pi.  xliii,  figs. 
2-4. — Bkusf  JJrymeja^  Lesqx.,  Ann.  Keport,  1873,  p.  416. 

POLYCAEPIC^. 
Magnoliaces. 
Magnolia^  Linn. 

J82.  Magnolia  Lesleyana^  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p. 

421 ;  pi.  xxi,  figs.  1,  2 ;  Tert.  Flora,  p.  248,  pi.  xliv,  figs.  1-3. 
J83.  Magnolia  Hilgardiana,  Lesqx.,  Trans.  Am.  Pliilos.  Soc,  vol.  xiii,  p. 

421,  pi.  XX,  fig.  1 ;  Tert.  Flora,  p.  249,  pi.  xliv,  fig.  4. 
J84.  Magnolia  Calif ornica^  Lesqx.,  Whitney's  Geol.  of  the  Aarif.  Dep.,  p^ 

25,  pi.  6,  figs.  5,  7. 
S85.  Magnolia  lanceolata,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

24,  pi.  6,  fig.  4. 
J86.  Magnolia  laurifolia,  Lesqx.,  Trans.  Am.  PLilos.  Soc,  vol.  xiii,  p^ 

421,  pi.  XX,  figs.  2,  3. 

S87.  Magnolia  cordifolia^  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiif,  p. 

422,  pi.  xvii,  figs.  1,  2. 

388.  Magnolin  ovalis,  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p.  422, 

pi.  xxi,  figs.  3,  4. 
889.  Magnolia  tenuinervis,  Lesqx.,  Tert.  Flora,  p.  249,  pi.  xliv,  figs.  5,  6 : 

pL   xlv,  figs.   1-5. — Magnolia   Inglefieldi,   (Heer)   Le«qx.,  Ann. 

Report  of  1872,  p.  396. 
500.  Magnolia  attenxuita^  Web.,  Tert.  Flora,  p.  250,  pi.  xlv,  fig.  6. — Termi- 

nalia  RadobojensiSy  (Ung.)  Lesqx.,  Supplement  to  Aun.  Eeport, 

1871,  p.  15. 
391.  Magnolia  fruit,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  25,  pL  6, 1 6* 

33  G 
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ANONAOSiB. 

Aaitninaj  Adans. 

392.  Ag'imina  Eocenica^  Lesqx.,  Tert.  Flora,  p.  251,  pi.  xliii,  figs.  5, 8. 

393.  Asimina  Leiocarpa^  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p.  ^ 

pi.  XV,  fig.  8. 

NYMPHEIXE^. 

I^ELUMBON^. 

Nelumhium^  LIdd. 

394.  Selumbxum  Lalcesii^  Lesqx.,  Tert.  Flora,  p.  252,  pL  xlvi,  figs.  1,  i 

395.  Nelumbium  tenuifolium^  XJesqx.,  Tert.  Flora,  p.  253,  pi.  xlvi,  fig.  3. 

lUicium^  Linn. 
39G.  IlHmim  U{initum^  Lesqx.,  Geol.  of  YermoDt,  p.  71G,  fig.  149. 

MALYOIDE-^. 

BUTTNEBIACE-ae. 

DombeycpsiSy  Ung.  (emend.). 

397.  Dombeyopsis  platanoides^  Lesqx.,  Tert.  Flora,  p.  254,  pi.  xlvii,  f.  1,2. 

398.  Dombeyopsis  trivialis^  Lesqx.,  Tert.  Flora,  p.  255,  pi.  xlvii,  fig.  ^ 

399.  Dombeyopsis  obttisa^  Lesqx.,  Tert.  Flora,  p.  255,  pi.  xlvii,  figs.  4, 5. 

400.  Dombeyopsis  grandtfoliaj  Uug.,  Lesqx.,  Tert.  Flora,  p.  255,  pL  xlni, 

fig.  6. 

TiLIACEJE. 

Tilia,  Linn. 

401.  TiUa  alaslcana,  Heer,  Flora  Alask.,  p.  36,  pi.  x,  figs.  2,  3. 

402.  Tilia  antiquaj  Newby.,  Ext.  Floras,  p.  52,  pi.  xvi,  figs,  1, 2. 

OretoiopaiSj  Sap. 

403.  Oreiciopsis  Saportana,  Lesqx.,  Tert.  Flora,  p.  257,  pi.  1,  figs.  10-12.- 

Aleurites  Eocenica,  Lesqx.,  Ann.  Report,  1872,  p.  397. 

404.  Oretoi^sis  tenuifolia,  Lesqx.,  Tert.  Flora,. p.  258,  pi.  xl,  fig.  14. 

405.  Orewiopsis  Gleburnij  Lesqx.,  Tert.  Flora,  p.  259,  pi.  Ixii,  fig.  12. 

Apdhopsis^  Heer, 


I.  Apeibopsis  f  discolor^  Lesqx.,  Tert.  Flora,  p.  259,  pl.  xlvi,  figs.  4-<. 
'.  Apeibopsis  Heerii^  Lesqx.,  Geol.  of  Vermont,  p.  715,  figs.  131, 13^ 


406. 

407.  ApeiOonsis  iieertt^  IjGSQx..  ugoi.  or   Vermont,  n.  7ia.  ners.  lou^^^ 

133. 

408.  Apeibopsis  Oaudinij  Lesqx.,  Geol.  of  Vermont,  p.  715,  figs.  139, 140. 


C.B8QUEBS1TZ.]  ACEBINEiB.  515 

AGEEINE^. 

AOEBAGEJB. 

Acer.  LiDD. 

409.  Acer  trilobatum  var.  produdunij  Al.  Br.,  Lesqx.,  Tert.  Flora,  p.  261, 

pi.  xlviii,  figs.  2,  3  a. 

410.  Aeer  trilobatum  f ,  Al.  Br.,  Lesqx.,  Am.  Joam.  Sci.  and  Arts,  vol. 

xxvii,  p.  361. 

411.  Acer  cequidentaium^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

26y  pi.  7,  figs.  4,  5  5  Tert.  Flora,  p.  262,  pi.  xlviii,  figs.  1-3. 

412.  Acer  Bolan^i^  Lesqx.,  Whitney's  G^ol.  of  the  Aurif.  Dep.,  p.  27, 

pi.  7,  figs.  7, 11. 

413.  Acer  macropterunij  Heer,  Flora  Alask.,  p.  37,  pi.  ix,  figs.  7-9. 

NegundOf  Moench. 

414.  JS'egundo  triloba^  Kewby.,  Ext.  Floras,  p.  57,  pi.  xxiii,  fig.  5. 

HYPPOCASTANBiE. 

JEsculuSj  Linn. 

415.  ^8culu8  antiqutia^  Daws.,  B.  N.  Am.  Boundary  Commission  Beport, 

p.  330. 

Sapindacb^. 

SapinduSj  Linn. 

416.  Sapindus  stellaruBfolitMy  Lesqx.,  Tert.  Flora,  p.  264,  pi.  xlix,  fig.  1. — 

SapindtM  angtisti/oUtis,  Lesqx.,  Annual  Beport,  1873,  p.  415. 

417.  Sapindus  angusUfoliuSj  Lesqx.,  Tert.  Flora,  p.  265,  pi.  xlix,  figs. 

2-;7. 

418.  Sapindus  coriaceus^  Lesqx.,  Tert.  Flora,  p.  265,  pi.  xlix,  figs.  12-14. 

419.  Sapindus  Dentoni^  Lesqx.,  Tert.  Flora,  p.  265,  pi.  Ixiv,  figs.  2-4. 

420.  Sapindus  caudatus^  Lesqx.,  Tert.  Flora,  p.  264,  pi.  xlviii,  fig.  6. 

421.  Sapindus  affinis^  Kewby.,  Ext.  Floras,  p.  51,  pi.  xxiv,  fig.  1. 

422.  Sapindus  undulatuSj  Al.  Br.,  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol. 

xiii,  p.  420,  pi.  xxii,  fig.  6. 

423.  Sapindus  obtusifolius,  Lesqx.,  Tert.  Flora,  p.  266,  pi.  xlix,  figs.  8-11. 

424.  Sapindtis  membranaceus^  Newby.,  Ext.  Floras,  p.  52,  pi.  xxiv,  f.  2,  3. 

425.  Sapindus  AmericanuSj  Lesqx.,  Oeol.  of  Vermont,  p.  715,  figs.  142, 

143,  144, 145. 

BlGNONIACE^. 

Catalpa^  Scop. 
42G.  Catalpa  crassifolia^  Newby.,  Ext.  Floras,  p.  5(y^  pi.  xxii,  fig.  1. 

FBANGULACE^. 

Staph YLEACE^ . 

Staphylea,  Linn. 
427.  Staphylea  acuminata^  Lesqx.,  Tert.  Flora,  p.  267,  pi.  xlviii,  figs.  4, 5. 
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Gelastre^. 
CelastruSj  Linn. 

428.  Celastnis  borealis,  Heer,  Flora  Alask.,  p.  37,  pi.  x,  fig.  4. 

Celastrinites^  Sap. 

429.  Celastrinites  artocarpidioides^  Lesqx.,  Tert.  Flora,  p.  268,  pi.  xxxv, 

fig.  3. — Artocarpidium  olmedicefolium^  t^ng*?  Lesqx.,  Ann.  Bepw 
of  1873,  p.  400. 

430.  Celastrinites  lievigatus^  Lesqx.,  Tert.  Flora,  p.  269,  pi.  xvii,  figs.  16, 

16  a. — Myriod  ambiguaj  Lesqx.,  Aun.  Eep.,  1871,  p.  297. 

iLIGEiB. 
Pn7U>8f    LiDD. 

431.  Prinos  integrifolia,  Ell.,  Lesqx.,  Am.  Joarn.  Sci.  and  Arts,  vol.  xxvn, 

p.  365. 

Ilex^  Linn. 

432.  Ilex  inaigniSj  Heer,  Flora  Alask.,  p.  37,  pi.  x,  fig.  1. 

433.  Ilex  prunifolmj  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  27, 

pi.  9,  fig.  7. 

434.  Ilex  Wya/ningiana^  Lesqx.,  Tert.  Flora,  p.  270,  pi.  1,  fig.  1. 

435.  Ilex  affiniSy  Lesqx.,  Tert.  Flora,  p.  270,  pi.  1,  figs.  2-3. 

436.  Ilex  subdenticulataj  Lesqx.,  Tert.  Flora,  p.  271,  pi.  1,  figs.  5,  6,  6  fl, 

6  6. 

437.  Ilex  dissimilis,  Lesqx.,  Tert.  Flora,  p.  271,  pi.  1,  figs,  7-9. — Querau 

IlicoideSy  (Heer)  Lesqx.,  Ann.  Bep.,  1871,  p.  291. 

Ehamne^. 
FaliurttSj  Tourn. 

438.  PaUurus  Colombia  Heer,  Lesix.,Tert.  Flora,  p.  273,  pi.  I,  figs.  13-17. 

439.  Paliurua  Florissanti^  Lesqx.,  Tert.  Flora,  p.  274,  pi.  1,  fig.  18. 

440.  Paliurtis  zizyphoideSj  Lesqx.,  Tert.  Flora,  p.  274,  pi.  U,  figs.  1-6. 

ZizyphtiSj  Mill. 

441.  Zizyphua  distortus^  Lesqx.,  Tert.  Flora,  p.  275,  pi.  li,  figs.  7-9. 

442.  Zizyphus  Meekiiy  Lesqx.,  Tert.  Flora,  p.  275,  pi.  li,  figs.  10-14. 

443.  Zizyphus  hyperboreuSj  Heer,  Losqx., Tert.  Flora,,  p.  276,  pi.  li,  fig.  15. 

444.  Zizyphus  cinnamomoideSy  Lesqx.,  Tert.  Flora,  p.  277,  pi.  lii,  figs.  7.^ 

445.  Zizyplm^  JibrillostiSy  Lesqx.,  Tert.  Flora,  p.  276,  pi.  lii,  figs.  1-6.— 

Ceanothus  fibrillosuSy  Lesqx.,  Aunaal  Report,  1872,  p.  381. 
,  446.  Zizyphus  piperoides^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.*  p. 
28,  pi.  8,  figs.  10,  11.      . 

447.  Zizyphus  microphylluSj  Lesqx.,  Whitney's  Geol.  of  the  Aorif.  Dep-> 

p.  28,  pi.  8,  ng.  9. 

Ceanothus^  Linn. 

448.  Ceanothus  Americanus  f ,  Linn.,  Lesqx.,  Am.  Journ.  Sol.  and  Arts, 

vol.  xxvii,  p.  365. 

449.  Ceanothus  Meigsiiy  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p.  41^ 

pi.  XX,  figs.  5,  6,  7. 
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Berchemia,  Neck. 

t50.  Berchemia  mulUnerviSj  Al.  Br.,  Tert.  Flora,  p.  277,  pi.  in,  figs.  9, 10. 

Ehamntis,  LiiiD. 

t51.  Bhamnus  alatemoides^  Heer,  Tert  Flora,  p.  278,  pi.  Hi,  figs.  11, 11  a. 
t52.  Bhamnus  rectinervis^  Heer,  Tert.  Flora,  p.  279,  pi.  lii,  figs.  12-15. 
153.  Bhamnus  incequaliSj  Lesqz.,  Tert.  Flora,  p.  279,  pi.  lii,  fig.  16. 
k54.  Bhamnus  discolor^  Lesqx.,  Tert.  Flora,  p.  280,  pi.  lii,  fig.  17. 
L55.  Bhamnus  Cleburni,  Lesqx.,  Tert.  Flora,  p.  280,  pi.  liii,  figs.  1-3. 
^6.  Bhamntis  Ooldianus^  Lesqx.,  Tert.  Flora,  p.  281,  pi.  liii,  figs.  4-8. 
(57.  Bhamntis  ohovatus^  Lesqx.,  Tert.  Flora,  p.  281,  pi.  liv,  figs.  1,  2. 
t58.  Bhamnus  intermedius,  Lesqx.,  Tert.  Flora,  p.  282,  pi.  liv,  fig.  3. 

159.  Bhamnus  salicifolius^  Lesqx.,  Tert.  Flora,  p.  282,  pi.  liii,  figs.  9, 10. 

160.  Bhamnus  Bossmasslerij  Uug.,  Lesqx.,  Tert.  Flora,  p.  283,  pi.  liv, 

161.  Bhamnus  marginatus^  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol.  xiii,  p. 

420,  pi.  xxii,  figs.  3,  4,  5. 
163.  Bhamnus  Oaudini  f ,  Heer,  Newby.,  Boston  Jonrn.  Nat.  Hist.,  1863, 

p.  15. 
163.  Bhamntis  elegatis^  Kewby.,  Ext.  Floras,  p.  49. 

464.  Bhamnites  concinntiSj  Newby.,  Ext.  Floras,  p.  50,  pi.  xvi,  fig.  7. 

TEEEBINTHINE^. 

JUGLANDE^. 

JuglanSj  Linn. 

465.  Juglans  rhamnoides^  Lesqx.,  Tert*  Flora,  p.  284,  pi.  liv,  figs.  6-9. 

466.  Juglans  Lecanteana^  Lesqx.,  Tert.  Flora,  p.  285,  pi.  liv,  figs.  10-13. 

467.  Juglans  rugosa^  Lesqx.,  Tert.  Flora,  p.  286,  pi.  liv,  figs.  5, 14 ;  pi.  Iv, 

figs.  1-9;  pl.  Ivi,  figs.  1, 2. — Juglans  acuminata  f,  (Al.  Br.)  Lesqx., 
Annual  Report,  1871,  p.  288, 
467  a.  Jtiglans  acuminata^  Al.  Br.,  Heer,  Flora  Alask.,  p.  38,  pl.  ix,  fig.  1. 

468.  JugUms  thermulis^  Lesqx.,  Tert.  Flora,  p.  287,  pl.  Ivi,  figs.  3,  4. 

469.  Juglams  Sehimperi^  Lesqx.,  Tert.  Flora,  p.  287,  pl.  Ivi,  figs.  5-10. 

470.  Juglans  aXkalina^  Lesqx.,  Tert.  Flora,  p.  288,  pl.  Ixii,  figs.  6-9. 

471.  Juglans  Californica^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

'34,  pl.  9,  fig.  14,  pl.  10,  figs.  2,  3. 

472.  Juglans  Oregoniana^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p. 

35,  pl.  9,  fig.  10. 

473.  Juglatis  laurinea,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  35, 

pl.  9,  fig.  11. 

474.  Juglans  appressa^  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p.  420, 

pl.  XX,  tig.  6. 

475.  Juglans  Woodianay  Heer,  Foss.  Plants  of  Vancouver,  p.  9,  pl.  2, 

figs.  4-7. 

476.  Juglans  egregia^  Lesqx.,  W^hituey's  Geol.  of  the  Aurif.  Dep.,  p.  36, 

pl.  9,  fig.  12,  pl.  10,  fig.  1. 

477.  Juglans  (Cari/a)  picroideSy  Heer,  Flora  Alask.,  p.  39,  pl.  ix,  fig.  5. 

478.  Juglans  nigella,  Heer,  Flora  Alask.,  p.  38,  pl.  ix,  figs.  2-4. 

479.  Juglans  Saffordiana^  Lesqx.,  Trans.  Am.  Philos.  Soc.,  vol.  xiii,  p. 

421,  pl.  XX,  fig.  7. 

480.  Jtiglans  denticulata,  Heer,  Lesqx.,  Tert.  Flora,  p.  289,  pl.  Iviii,  fig.  1. 
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Caryaj  Natt. 

481.  Carya  antiquorum,  Uewby,,  Ext.  Floras,  p.  72,  pi.  xxiii,  figs.  1-4.- 

Lesqx.,  Tert.  Flora,  p.  289,  pi.  Ivii,  figs.  1-5 ;  pi.  Iviii,  fig.  2. 

482.  Carya  verrucosa^  Lesqx.,  Geol.  of  Vermont,  p.  714,  fig.  129. 

483.  Carya  Vermoniana^  Lesqx.,  Geol.  of  Vermont,  p.  714,  fig.  130. 

484.  Carya  oUvceformiSy  Nutt.,  Lesqx.,  Am.  Journ.  Sci.  and  Arts,  vol 

xxvii,  p.  365. 

Plerocaryaj  D.  C. 

485.  Fterocarya  Americana^  Lesqx.,  Tert.  Flora,  p.  290,  pi.  Iviii,  fig.  3. 

Anaoabdiage^. 

RhtLSy  Linn. 

486.  Rliug  Evansii,  Lesqx., Tert.  Flora,  p.  291,  pl.  l,fig.  4;  pl.  Iviii,  figs.  5-5. 

487.  Rhus  mentbranacea^  Lesqx.,  Tert.  Flora,  p.  292,  pl.  Ixiv,  figs.  6, 7. 

488.  Rkuspseudo  meriani,  Lesqx.,  Tert.  Flora,  p.  293,  pl.  Iviii,  fig.  11. 

489.  Rhus  ro8ce/olia^  Lesqx.,  Tert.  Flora,  p.  293,  pl.  xlii,  figs.  7-9.— Wfl* 

mannia  ro8(vfolia,  Lesqx.,  Ann.  Report,  1873,  p.  415. 

490.  Rhus  Haydenii^  Lesqx.,  Tert.  Flora,  p.  294,  pl.  Iviii,  fig.  12. 

491.  Rhus  metopioides,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,P-3^^ 

pl.  8,  figs.  12,  13. 

492.  Rhus  nervosa^  Newby.,  Ext.  Floras,  p.  53,  pl.  xvi,  figs.  5,  6. 

493.  Rhus  myricivfolia,  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,p.3U 

pl.  1,  figs.  5-8. 

494.  Rhus  dispersa^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  32, 

pl.  i,  tig.  23. 

495.  Rhus  mixta^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  30.  pl.^T 

fig.  13. 

496.  Rhus  Boweniana^  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,  p.  29. 

pl.  9,  figs.  8,  9. 

497.  Rhus  typhinoidesy  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep.,p.-^ 

pi.  9,  figs.  1-6. 

ZANTHOXYLBuE. 

Zanthoxylon^  Linn. 

498.  Zanthoxylon  juglandinumf^  Al.  Br.,  Lesqx.,  Tert.  Flora,  p.  294,  pl- 

Iviii,  fig.  10. 

499.  Zanthoxylon  diversifolium^  Lesqx.,  Whitney's  Geol.  of  the  Aunt 

Dep.,  p.  33,  pl.  8,  figs.  14, 15. 

CALYCIFLOR^. 
Halorage^. 

Trapa^  Linn. 

500.  Trapaf  microphylla^  Lesqx.,  Tert.  Flora,  p.  295,  pl.  lxi,figs.  16-l"«- 

501.  Trapa  borealiSj  Heer,  Flora  Alask.,  p.  38,  pl.  viii,  figs.  9-14.— l>a^* 

son,  Am.  Boundary  Commission  Eeport,  p.  330. 

MYRTIFLORiE. 

Myrtaoe^. 

Eucalyptus^  L'Herit 

502.  Eucalyptus  Hwringiana  f ,  Ett.,  Lesqx.,  Tert.  Flora,  p.  296,  pl.  ^h 

fig.  10.  .^ 

503.  EucaJyptm  f  Americana,  Lesqx.,  Tert.  Flora,  p.  296,  pl.  lix,  figs.  Hj ^^- 
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EOSIFLOB^. 

Pomaces. 
PrunuSj  Linn. 

504.  Prunus  Carolinianaj  Michx.,  Lesqx.,  Geol.  of  Tenn.,  p.  427,  pi.  K, 

fig.  6. 

Amelanchiery  Med. 

505.  Amelanchier  similiSj  Newby.,  Ext.  Floras,  p.  48,  pi.  xxv,  fig.  6. 

Crataegus^  Linn. 

506.  Cratcegm  f  cequidentata^  Lesqx.,  Tert.  Flora,  p.  297,  pi.  Iviii,  figs.  4,  4  a. 

ROSACE-E. 

Spirwa^  Linn. 

507.  Spircm  Atideraoni,  Heer,  Flora  Alask.,  p.  39,  pl.  viii,  fig.  3. 

Cercocarptis,  H.  B.  K. 

508.  Cercoearpus  antiqmiSj  Lesqx.,  Whitney's  Geol.  of  the  Aurif.  Dep., 

p.  37,  pl.  10,  figs.  6-11. 

Leguminor^. 
Podogonium^  Heer. 

509.  Podogonium  Americanum^  Lesqx.,  Tert.  Flora,  p.  298,  pl.  lix,  fig.  5; 

pl.  Ixiii,  fig.  2;  pl.  Ixv,  fig.  6. — Podogonium  (species),  Lesqx.,  Ann. 
Eeport,  1873,  p.  417. 

Cnssiay  Linn. 

510.  Cassia  concinna  f,  Heer,  Lesqx.,  Tert.  Flora,  p.  299,  pl.  lix,  figs. 

8,  8  a  (enlarged). 

LeguminositeSj  Brgt. 

oil.  Leguminosites  cassioidcs,  Lesqx.,  Tert.  Flora,  p.  300,  pl.  lix,  f.  1-4. 

512.  Leguminosites  f  arachioides^  Lesqx.,  Tert.  Flora,  p.  301,  pi.  lix,  figs. 

13,14. — Oarpolithes  arachioides,  Lesqx.,  Ann.  Report,  1872,  p.  403. 

513.  Leguminosites  pisiformis^  Heer,  Lesqx.,  Geol.  of  Vermont,  p.  710,  fig. 

152. 

514.  Leguminosites  sp.  (?),  Heer,  Foss.  Plants  of  Vancouver,  p.  10,  pl.  2, 

fig.  8. 

QlediUia^  Linn. 

515.  Oleditsia  triacanihos^  Linn.,  Lesqx.,  Am.  Journ.  Sci.  and  Arts,  voL 

xxvii,  p.  365. 

Mimosa. 

Acacia^  Neck. 

516.  Acacia  septentrionalis,  Lesqx.,  Tert.  Flora,  p.  299,  pl.  lix,  figs.  9,  9(»^ 

(enlarged). 

MimositcSj  Ett. 

517.  Minwsites  UnearifoUns,  Lesqx.,  Tert.  Flora,  p.  300,  pl.  lix,  fig.  7. 
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INGERT^   SEDIS. 

FhylHteSy  St. 

518.  Phyllites  sapindiformis,  LeRqx.,  Tert.  Flora,  p.  301,  pi.  xxix,  figs. 6. 1. 
510.  Phyllites  mahoniceformiSj  Heer,  Foss.  Plants  of  Vancouver,  p.  10, 
pi.  2,  fig.  9. 

520.  Phyllites  earneosus^  Newby.,  Ext.  Floras,  p.  75,  pi.  xxvi,  fijjs.  1-1. 

521.  Phyllites  Cupanioides,  Newby.,  Ext.  Floras,  p.  74,  pi.  xx,  fig.  5. 

522.  Phyllites  venosus^  Newby.,  Ext.  Floras,  ]).  75,  pi.  xxvi,  fig.  4. 

523.  Phyllites  truncatus,  Lesqx.,  Trans.  Am.  Philos.  Soc,  vol.  xiii,  p.  4:3, 

pi.  xvii,  fig.  0. 

CarpiteSy  Schp. 

524.  Carpites  Uneatus  f ,  Newby.,  Lesqx.,  Tert.  Flora,  p.  302,  pi.  Ix,  fi?s. 

1-1  d. 

525.  Carpites  oviformisj  Lesqx.,  Tert.  Flora,  p.  302,  pl.  xxx,  fig.  6  a. 

526.  Carpites  triangulosus^  Lesqx.,  Tert  Flora,  p.  302,  pl.  Ix,  fig.  4,  pl.  Ixii, 

figs.  19, 20. 

527.  Carpites  costatuSy  Lesqx.,  Tert.  Flora,  p.  303,  pl.  Ix',  fig.  5. 

528.  Carpites  coffeaformiSy  Lesqx.,  Tert.  Flora,  p.  303,  pl.  Ix,  figs.  6,7. 

529.  Carpites  myricarumy  Lesqx.,  Tert.  Flora,  p.  303,  pl.  Ix,  figs.  8-11. 

530.  Carpites  rostellatus^  Lesqx.,  Tert.  Flora,  p.  303,  pl.  Ix,  figs.  12, 13. 

531.  Carpites  glumceformisy  Lesqx.,  Tert.  Flora,  p.  304,  pl.  xxxv,  fig.4d; 

pl.  Ix,  figs.  14-17. 

532.  Carpites  mitratuSj  Lesqx.,  Tert.  Flora,  p.  304,  pl.  Ix,  figs.  18-19. 

533.  Carpites  Imiriyieus,  Lesqx.,  Tert.  Flora,  p.  304,  pl.  Ix,  figs.  20, 21. 

534.  Carpites  Utahensis,  Lesqx.,  Tert.  Flora,  p.  305,  pl.  Ix,  fig.  22. 

535.  Carpites  verrucosvSy  Lesqx.,  Tert.  Flora,  p.  305,  pl.  Ix,  tig.  23. 

536.  Carpites  luinntulivsy  Lesqx.,  Tert.  Flora,  p.  305,  pl.  Ix,  fig.  25. 

537.  Carpites  Vihnrni,  Lesqx.,  Tert.  Flora,  p.  305,  pl.  Ix,  figs.  26,  26  a. 

538.  Carpites  spiralis,  Lesqx.,  Tert.  Flora,  p.  306,  pl.  Ix,  fig.  27. 

539.  Carpites  rhmnboidalis,  Lesqx.,  Tert.  Flora,  p.  306,  pl.  Ix,  figs.  28,21' 

540.  Carpites  bursceformis,  Lesqx.,  Geol.  of  Vermont,  p.  715,  figi*.  14^ 

147  5  Tert.  Flora,  p.  306,  pl.  Ix,  fig.  30. 

541.  Carpites  Pealei,  Lesqx.,  Tert.  Flora,  p.  30G,  pl.  Ix,  fig.  31. 

542.  Carpites  cocculoides  f ,  Heer,  Lesqx.,  Tert  Flora,  p.  307,  pl.  Ix,  figi' 

32-35. 

543.  Carpites  ligatus,  Lesqx.,  Tert.  Flora,  p.  307.  pl.  Ix,  figs.  36,  36  a. 

544.  Carpites  valvatuSj  Leeqx.,  Tert.  Flora,  p.  307,  pl.  Ix,  fig.  37. 

545.  Carpites  Brandonianus,  Lesqx.,  Geol.  of  Vermont,  p.  713 ;  var.  <i 

elongatuSy  figs.  111-113 ;  var.  /?,  obtusus,  figs.  114-117. 

546.  Carpites  irregularis,  Lesqx.,  Geol.  of  Vermont,  p.  714,  figs.  120,  \% 

123,  125,  128. 

547.  Carpites  Orayanus,  Lesqx.,  Geol.  of  Vermont,  p.  714,  fig.  122. 

548.  Carpites  re/tostisf,  Stern b.,  Lesqx.,  Geol.  of  Vermont,  p.  717,  figJi 

157-160. 

Drupa. 

540.  Brupa  rhadospcrma,  Lesqx.,  Geol.  of  Vermont,  p.  710,  fig,  150. 


REPORT  OF  A.  S.  PACKARD,  JR. 

KSECTS   AFFECTING   THE    CRANBERRY,  WITH   REMARKS 

ON  OTHER  INJURIOUS  INSECTS. 


By  a.  S.  Packard,  Jr. 


The  caltore  of  cranberries  is  rapidly  becoming  one  of  some  impor- 
tance in  tbe  West,  particolarly  in  Wisconsin.  There  the  principal  in- 
jects, as  I  have  been  informed  by  Mr.  F.  W.  Case,  secretary  of  the  Wis- 
BODSJQ  State  Horticaltnral  Society,  are  the  fire-worm  and  fruit-worm, 
l>iit  we  do  not  know  whether  these  insects  are  the  same  as  those  found 
Kobe  iujarious  to  the  cranberry  in  the  East  or  not.  I  have  attempted 
to  bring  together  all  that  is  known  regarding  the  insects  injurious  to  the 
sranberry,  taken  from  my  "Injurious  Insects  New  and  Little  Known-* 
IMass.  Agricultural  Report  for  1870),  my  "Guide  to  the  Study  of  In- 
^ts,''  and  from  unpublished  notes.  I  have  been  indebted  for  much 
ralaable  information  to  W.  G.  Fish,  formerly  of  Sandwich,  Mass.,  and 
io  Mr.  F.  G.  Sanborn.  No  accounts  of  cranberry-insects  are  to  befonnd, 
M)  far  as  I  am  aware,  in  the  works  of  any  of  our  entomologists. 

INSECTS  AFFECTING  THE  LEAVES. 

The  Cbanbeery  Span-worm  {Cidaria,  sp.). — The  largest  worm  which 
8  (lestroctive  to  the  leaves  is  a  span- worm  or  inch- worm  ((7»dfaWa,si)ecie8 
iDkiiown).  It  was  first  made  known  by  W.  C.  Fish,  who  states  that  it 
>tripped  the  plants  in  Harwich,  Mass.,  in  August.  On  one  bog  *'tbey 
lestroyed  nearly  two  acres  of  cranberry- vines,  eating  off  all  the  green 
BHves,  the  bog  being  as  black  in  spots  as  though  a  fire  had  been  over 
^^  I  have  found  that  this  caterpillar  is  also  destructive  in  Essex 
!onDty,  Massachusetts.  These  worms  are  about  the  size  of  and  have 
be  same  general  appearance  as  a  canker-worm.  They  are  dull  reddish- 
trown,  simulating  the  color  of  the  main  stem  of  the  pliant.  The  owner 
f  the  bog  flowed  it  with  water  so  that  it  was  completely  covered,  and 
he  worms  were  killed.  This  is  a  rapid  and  effectual  way  of  exterminat- 
ing all  insects  affecting  cranberry-plants. 

A  specimen  examined  August  26  was  of  the  size  of  the  canker-worm. 
Jehead  is  rather  deeply  indented  a.bove,  no  wider  than  the  thorax;  anal 
late  long,  acute,  projecting  over  the  end  of  the  abdomen.  The  body  is 
all  reddish-brown,  simulating  the  color  of  the  cranberry-twigs ;  liueated 
oely  and  dotted  with  dark  brown.  Head  speckled  with  brown,  with  a 
DQspicnous  transverse  band  across  the  vertex,  with  two  rows  of  pale 
^regular  spots  across  the  front;  just  above  the  spiracles  a  broad  dusky 
*nd,  above  which  are  lighter  and  darker  fine  thread-lines ;  beneath 
ftler,  with  a  ventral  clear  line,  edged  with  dark.  The  tip  of  the  abdo- 
wn  ends  in  two  minute  acute  tubercles  tinged  with  reddish,  and  end- 
's in  a  spinule,  both  situated  under  the  anal  plate,  and  concealed  by  it 
heu  the  body  is  looked  at  from  above.    Length,  0  80  inch  (20""0- 
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The  Glistening  Granberbt  Moth  {Tartfix  oxyeoocana  Packard).- 
Of  the  extensive  genns  TortriXj  three  species  have  been  found  to  prey 
on  the  cranberry.  The  present  species  is  said  by  Mr.  F.  6.  Sanbon 
to  feed  upon  cranberry- vines.  We  have  briefly  described  it  in  oor 
^'Gnide  to  the  Stndy  of  Insects,"  under  the  name  of  Tortrix  oxycoccam. 
It  was  found  flying  October  4.  The  body  is  of  a  dark  slate  color,  aod 
the  palpi,  which  are  large  and  project  well  beyond  the  head,  are  of  tbe 
same  color,  with  a  few  bright  reddish  scales  at  the  end  of  the  second 
joint.  The  tuft  of  hairs  on  the  tip  of  the  abdomen  is  much  paler  than 
the  rest  of  the  body,  and  of  the  same  color  as  the  legs  and  the  hind 
wings,  being  of  a  glistening  gray  color.  The  fore  wings  are  of  a  nni- 
form  reddish-brown  color,  with  a  peculiar  glistening  or  greasy  hue.  The 
red  tint  is  due  to  scattered  bright  red  scales.  There  are  no  other  spots 
or  markings  on  the  wing,  and  the  fringe  is  mottle<l  with  red  and  gray 
scales  as  on  the  wings.  On  the  bind  wings  the  fringe  is  long,  silkr, 
glossy,  grayish  white.  Beneath,  the  fore  wings  are  pale  gray,  the  hiod 
wings  being  paler  than  the  fore  wings.  Length  of  the  body,  .25;  ex- 
panse of  the  wings  .()4:  of  an  inch.  It  may  be  readily  known  by  tbc 
peculiar  shining,  greasy  look,  and  by  the  rich,  red  scales  scattered  over 
the  plain,  unadorned  fore  wings.  The  habits  of  the  caterpillar  are  Dot 
known. 

The  Yellow  Cranberry  Worm  (Tortrix  vacciniivorana  Packard). 
— August  4,  I  received  trom  New  Jersey,  through  Mr.  8.  H.  Scndder, 

specimens  of  this  insect  in  all  its  stages, 
under  the  name  of  the  "cranberry-worm."' 
It  seems  to  be  a  common  insect  in  the  cran- 
berry-fields of  New  Jersey,  but  has  not  yet 
been  found  in  the  New  England  States.  It 
was  new  to  science,  and  was  called  the  Tortrix 
vacciniivorana.    The  larva  draws  the  leaves 

together  with  silkeji 
threads,  transforming 
into  a  pupa  within  the 
mass.  A  single  lar?» 
seems  to  select  one 
twig  or  branch,  and 
eats  the  parenchyma 
from  the  upper  sarfaoe 
of  the  leaves  until 
every  leaf  or  twig  is 
injured,  and  the  plant 
nearly  as  much  de- 
stroyed a  s  if  the  leaves 

Fig.  1.— ToHoxv  Crnnborry  TVonn  and  Pnpiu  WCrC  eatCU  Up  entirely* 

In  this  way,  each  larva  seems  to  eat  the  best  part  of  about  twelve  leaves, 
which  usually  remain  on  tbe  stalk,  affording  a  shelter  to  the  pupa,  whii* 
is  naked,  partly  sticking  out  of  the  leaves. 

The  larva  is  pale  honey-yellow,  with  a  slight  greenish  tinge.  Tbe 
bead  and  prothoracic  shield  are  pale  honey-yellow,  and  the  head  is  nearly 
as  w-ide  as  the  i)rothorax.  The  body  tapers  gradually  to  the  tail,  ami  is 
furnished  with  tine,  sparse,  pale  hairs  arising  from  prominent  tubercles, 
the  hairs  being  one-half  as  long  as  the  body  is  wide.  The  four  dorsal 
tubercles  are  arranged  in  a  trapezoid,  with  a  deep  crease  between  the 
anterior  and  posterior  pair.  Tbe  thoracic  feet  are  tip|)ed  with  black. 
On  each  aide  of  the  base  of  the  head  is  a  lateral  tS  shaped  bljickish- 
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brown  linear  band,  the  apper  part  of  the  S  terminating  on  the  top  of 
the  occiput,  the  line  being  most  distinct  on  the  side  of  the  head.  The 
ocelli  are  black.    It  is  .27  of  an  inch  in  length. 

Mr.  Trouvelot,  who  made  the  admirable  drawings  here  engraved, 
wrote  me  as  follows  regarding  its  habits :  ^'  Like  the  larvsB  of  the  Hea- 
pertdcBy  as  in  Endamus  and  Tityrus^  this  cranberry-worm  sends  off  the 
excrement  to  some  distance  when  it  defecates.  When  it  had  built  an 
imperfect  cocoon,  it  was  very  careful  to  remove  the  pellets  of  excrement 
in  it,  by  taking  them  with  the  mandibles  and  carrying  them  out." 

Toe  pnpa  is  brown,  rather  slenderer  than  usual,  with  the  vertex  of 
the  head  prolonged  into  a  large  tubercle,  surmounted  by  a  round  knob, 
which  is  rough,  while  the  tubercle  below  is  smooth;  there  is  an  angular 
projection  on  each  side  of  the  base  of  the  tubercle,  forming  a  shoulder 
•to  it.  The  wing-covers  reach  to  the  end  of  the  third  abdominal  ring, 
while  the  antennsB  reach  to  the  end  of  the  second  pair  of  feet,  which 
are  parallel  to  the  end  of  the  second  abdominal  ring.  There  are  two 
rows  of  teeth  on  the  upper  side  of  the  abdominal  rings;  they  are  obsolete 
beneath,  the  posterior  row  being  indicated  by  two  remote  minute  tuber- 
cles.    Length  .25  of  an  inch. 

The  moth  is  rather  undersized,  with  yellow  wings,  without  any  decided 
markings,  but  mottled  with  deep  ochreous.  It  expands  one-half  of  an 
inch. 

The  Eed-bakded  Cranberry  Tortrtx  {Tortrix  iitcertana). — This 
Tortrix^  described  by  Dr.  Clemens  under  the  name  of  Tortrix  incertanaj 
was  originally  sent  to  Mr.  Sanborn  by  Miss  Guild,  of  Walpole,  Mass., 
where  its  larva  is  called  the  "  cranberry-worpi."  According  to  the  late 
Mr.  C.  T.  Robinson,  it  is  found  in  Texas,  and  northward  to  OGio  and 
Pennsylvania,  as  well  as  Massachusetts. 

The  body  and  fore  wings  are  deep  reddish-brown.  The  palpi  are 
prominent,  projecting  farther  than  usual  in  front  of  the  head.  The  head 
and  thorax  are  ochreous-brown,  with  a  large  tuft  of  red  hairs  on  the 
hinder  margin  of  the  thorax.  The  fore  wings  are  reddish-brown,  and 
at  the  base  clear  light  reddish-brown,  bounded  behind  by  a  curved  broad 
dark-brown  band,  which  terminates  just  below  the  median  vein ;  be- 
tween this  and  the  broad  brown-red  band,  and  situated  on  the  inner 
edge  of  the  ring,  is  a  dull-silvery  equilaterally-triangular  spot.  From 
the  middle  of  the  costa  runs  to  the  outer  angle  of  the  wing  a  broad  dull- 
red  band,  one-half  as  wide  as  the  ring,  and  suddenly  narrowing  ou  the 
costa.  Beyond  is  a  narrow  hemispherical  dark-red  costal  spot.  Beyond 
the  broad  band  the  outer  edge  of  the  ring  is  clear  silvery,  except  an 
oval  brown  spot.  The  fringe  is  reddish,  silvery  on  the  inner  margin. 
The  hind  wings  are  pale,  smoky,  concolorous  with  the  under  side  of  the 
fore  wings,  while  the  under  side  of  the  hind  wings  is  whitish.  It  ex- 
pands .70  to  .80  of  an  inch. 

In  the  pupa  the  segments  of  the  abdomen  are  divided  by  deep 
Botares,  the  edge  being  angulated,  and  with  two  dorsal  rows  of  unusually 
small  spines.  The  tip  is  prolonged  into  a  long  point,  nearly  twice  as 
long  as  wide,  and  giving  rise  to  three  pairs  of  curved  minute  filaments. 
Length,  .34  of  an  inch. 

The  Rbo-striped  Cranberry  Worm. — ^This  worm  I  observed, 
September  20.  to  be  common  on  the  heads  of  cranberry-plants  in  Ham- 
ilton, Mass.,  drawing  the  leaves  together,  eating  ofi'  one  side  of  a  leaf, 
either  wholly  or  in  part,  and  eating  the  parenchyma,  leaving  the  re- 
verse side  untouched.  Twelve  or  fourteen  terminal  leaves  are  usually 
thos  eaten  ;  sometimes  the  terminal  leaves  are  not  touched,  the  cater- 
pillar working  up  from  below.    The  leaves  are  either  drawn  together  by 
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the  cranberry.  It  selects  a  bad  not  quite  ready  to  open,  and,  dinfriBg 
to  it,  works  its  snout  deep  into  the  center  of  the  bud.  An  egg  is  tba 
de|)06ited  in  the  hole  made,  when  the  beetle  climbs  to  the  stem  and  eoti 
it  off  near  where  it  joins  the  bud«  which  drops  to  the  ground  and  then 
decays,  the  egK  hatching,  and  the  grub  going  throu&fh  its  transfonii- 
tions  within.  The  larva  is  long  and  rather  slender,  cylindrical,  the  body 
being  of  uniform  thickness  and  curved ;  the  head  is  pale  honey-yeUov; 
the  jaws  tipped  with  black ;  the  segments  of  the  body  are  very  oonm, 
especially  the  prothoracic  one ;  it  is  white,  with  a  few  fine  pole  hain, 
and  is  .08  of  an  inch  in  length." 

Mr.  Fish,  in  an  article  on  this  insect,  published  in  the  Yarmouth  Beg* 
ister,  states,  in  addition  to  what  we  have  said  above,  that  the  "eg& 
which  may  be  found  within  the  bud,  is  pale  honey-yellow,  and  is  yefy 
minute,  measuring  but  .02  of  an  inch.  The  egg  hatching,  a  dull  whitisk 
grub  will  be  found  feeding  within  the  bud.  Having  attained  itsgrowtk 
it  changes  to  a  pupa,  and  the  perfect  weevil  eats  its  way  out  of  thebod, 
leaving  a  round  hole  in  the  side.  These  beetles  may  be  found  upoD  tbe 
vines  some  time  after  the  blossoms  have  disappeared.  I  have  knoii 
them  to  eat  into  a  cranberry,  making  a  round  hole  large  enough  to  admit 
the  insect,  but  it  is  seldom  that  it  does  this.  It  also  eats  a  litUe  apoi 
the  under  leaves,  but  I  have  never  known  it  to  deposit  its  eggs  witiiii 
the  fruit,  and  I  have  never  found  the  grub  elsewhere  than  in  the  bud.  I 
have  taken  this  beetle  upon  thefruitof  the  blackberry,  in  company  with 
other  species  of  Anthonomtis,  This  insect  is  not  numerous  any  vhen, 
but  is  more  common  at  Eastham  than  at  any  other  locality  that  I  hare 
visited.  As  1  have  never  seen  one  npon  a  bog  that  had  been  flowed 
during  winter,  I  think  that  it  will  never  become  troublesome  on  sock 
bogs  at  least.  The  larvae  are  killed  by  a  minute  chalcis-fly,  as  I  discov- 
ered the  past  season.'' 

ATTAGKIKa   THE  FRUIT. 

The  mature  fruit  is  attacked  late  in  the  summer  and  in  the  autumn  bv 
the  ^^  fruit- worm."  Tbis  is  a  small  caterpillar  belonging  to  the  saaie 
family  as  the  leaf-rollers.  The  first  segment  behind  the  bead 
is  rather  large  and  square,  and  the  body  is  less  hairy  than  ii 
the  leaf-eating  species.  Tbis  worm  is  common  in  Massaebo- 
setts.  It  appears  the  first  of  August,  and  works  through  tii« 
month.  The  first  signs  of  its  presence  are  seen  in  thepiv- 
mature  reddening  of  the  berries.  Most  of  the  worms  atttio 
their  full  size  before  the  first  of  September;  some  may^ 
found  in  the  winter.  Mr.  Fish  states  that  when  the  <siter- 
pillar  is  fully  grown  it  enters  the  earth  and  spins  a  coeoon 
within  a  few  inches  of  the  surface.    The  cocoon  is  co 


berry  Fmkwlth  graius  of  saud,  and  resembles  a  lump  of  earth.    It  re 
Worm.        mains  in  the  ground  all  winter.    An  ichneumon  preys  op* 
the  caterpillar.    Unfortunately  we  do  not  know  the  parent  of  the  c^''' 
pillar. 

Tbese  are  the  only  insects  thus  far  known  to  prey  upon  the  cranbeflTi 
and  occasionally  one  or  several  of  them  prove  very  destructive,  locflllV' 
In  applying  remedies,  the  most  general  and  applicable  is  to  flood  tb^ 
cranberry  pastures  or  bogs.  The  vines  should  be  kept  under  waterftr 
at  least  two  or  three  days,  as  many  insects  will  survive  several  days'i»' 
mersion.  Fires  at  night  will  attract  the  moths,  and  numbers  maj^ 
destroyed  in  this  way.  Pans  of  coal-oil,  and  the  use  of  coal-oil  on  ^ 
puddles  and  standing  water  in  which  the  vines  grow,  may  be  tried« 
should  it  be  found  by  previous  experiments  that  the  mineral  oil  doesDOt 
injure  the  vines. 
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INJURING  THE  PINE. 

Thb  Pitch-Pine  Gall-Fly  (Diplosis  pini^igidw,  n.  sp.).— Several 
years  ago  1  observed   in  an  isolated  young   pitch-pine 
(Pinns  rigida)  at  Brnnswick,  Me.,  that  the  leaves  were  less 
than  half  as  long  as  usual,  and  much  swollen  at  their 
base,  as  seen  in  the  adjoining  cut. 

These  deformed  needles  were  quite  numerous  on  the  Iree, 
and  have  not  been  previously  noticed,  so  far  as  I  am 
aware. 

Tbe  larva  is  deep  orange,  with  the  breast-bone  retractile.  j,,^  ^ 
The  lateral  region  of  the  body  is  well  marked,  convex,  and 
the  segments  are  short,  quite  convex.  The  larva  is  situated  at  tbe  base 
between  the  inner  two  of  the  three  needles,  which  grow  from  one-third 
to  one-half  of  their  normal  length,  and  by  the  irritation  set  up  by  tbe 
worm  the  united  base  of  the  leaves  swells  into  a  bulbous  expansion 
abont  the  size  of  a  pea,  or  four  times  the  original  thickness  of  the 
needle,  while  the  third  or  outer  leaf  is  sometimes  not  altered  in  size, 
only  shortened,  and  aborted.  The  bud-scales  of  the  primary  leaves  are 
burst  and  hang  down  in  shreds  abont  the  bulbous  swellings  of  the 
^condary  leaves  or  needles. 

The  larva  (found  September  22)  does  not  apparently  bore  into  the 
leaves,  as  it  has  no  means  of  making  its  exit  unless  it  works  its  way  out 
of  its  prison  through  an  oval  hole  between  two  of  the  leaves.  It  has  to 
in  some  way,  for  when  fully  fed  it  makes  its  exit,  ascends  to  the  terniinal 
buds,  and  pupates  on  one  of  them,  exposed  to  the  air.  Sometimes  there 
are  two  larvae,  one  on  each  side  of  a  leaf. 

Tbe  cocoons  are  pale,  oval,  and  covered  with  the  pitch  which  exudes 
from  the  buds  of  the  tree,  and  were  found  May  20. 

When  the  fly  issues  from  the  cocoon  it  creeps  half  way  out  of  its 
cocoon,  leaving  its  pupa-skin  partially  remaining,  with  the  old  pupal 
integument  of  the  antennsB,  wings,  and  legs  separate. 

June  10, 1  opened  the  cocoon  and  found  the  pupse  of  a  chalcid-fly,  and 
afterward  found  specimens  of  the  adult,  which  bore  small  holes  through 
the  sides  of  the  cocoon. 

Adult  female  described  from  life :  Antennse  14>jointed,  about  half 
as  long  as  tbe  body,  brown,  with  sparse,  irregular  vprticils  of  gray 
hairs,  the  ten  terminal  joints  twice  as  long  as  broad,  and  pedicellate. 
Clypeos  and  epicraninm  testaceous  brown,  the  clypeus  (hypostoma) 
having  a  few  long  gray  hairs  curving  over  and  downwards.  Palpi 
concolorous  with  the  ends  of  the  anteuusB. 

Thorax  shining  black,  with  four  lines  of  white  hairs,  as  in  0.  pini  De 
Oeer;  the  sides,  including  the  prothorax,  reddish;  scutellum  reddish- 
brown,  while  the  trochanters  are  much  darker,  the  first  pair  being  nearly 
black,  the  two  posterior  pairs  reddish-brown.  Legs  brown,  paler  be- 
neath,  with  gray  hairs,  the  tarsal  joints  darker  at  the  articulations, 
covered  with  fine  silvery  hairs. 

Wings  rather  short  and  broad,  with  scarcely  any  pubescence ;  fringe 
long,  veins  dark  brown ;  the  subcostal  (first  longitudinal)  terminates  at 
the  middle  of  the  wing  (in  0.  salicis  it  terminates  much  beyond  this 
point);  the  median  vein  terminates  at  or  perhaps  a  little  below  the 
apex;  it  curves  around  rapidly,  following  the  curve  of  the  margin; 
cross  vein  very  minute,  very  oblique,  almost  obsolete,  situated  a  little 
before  the  middle  of  the  first  longitudinal  vein ;  third  longitudinal  vein 
straight,  but  turning  down  to  the  inner  margin. at  nearly  a  right  angle. 
Tbe  venule,  in  continuation  of  the  main  vein,  is  bent  upwards  at  its 
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origin,  and  thence  goes  straight  to  the  outer  edge,  inclosing  a  triangnhr 
space.    The  halteres  pale  tlesh-colored. 

Abdomen  blood-red,  with  slight  sparse  hairs.  The  segments  on  th€ 
termiunl  half  of  the  abdomen  are  edged  with  black,  and  the  tip  of 
the  abdomen  is  blackish,  while  the  genital  armature  is  flesh-colored. 
Length,  .10  inch. 

This  species  differs  decidedly  from  Diplosis  pint  Loew  9 ,  in  that  the 
basal  joints  of  the  antennae  are'not  yellow,  but  pale  brown.  The  clypeas 
(hypostoma)  is  reddish-brown,  not  reddish-yellow.  The  abdomen  is 
blood-red,  and  the  hairs  are  too  few  to  give  a  silvery  reflection;  tbe 
legs  do  not  seem  whiter  beneath  than  above ;  the  wings  are  not  densel? 
pubescent,  but  are  sparingly  so.  Tbe  cross  vein  is  difiicnlt  to  find,  aod 
then  is  only  seen  in  certain  positions.  It  is  smaller,  being  only  a  tenth 
of  an  inch  long. 

In  its  habits  it  seems  to  differ  from  Osten  Sacken's  D.  pint  inopk  in 
that  the  apparently  similar  pale,  ovol,  resinous,  pitchy  cocoons  are 
placed  on  the  buds  of  the  pine-needles,  which  were  somewhat  deformeil, 
and  could  thus  be  easily  distinguished  from  others  not  affected,  as  irell 
as  by  the  resinous  pitchy  exadation  covering  them.  (Observed  May  2tK] 
The  food-plant  is  also  different,  the  D.  piniinopis  living  on  Pinus  inop^ 
Jersey  or  scrub  pine,  which  does  not  extend  so  far  north  as  New  £ug- 
land. 
The  Pine  Monoiiammus  (M,  confusor  KIrby.,  M.  iitilluim^  Harris).— 

Nothing  was  known  of  the  habits  of  this 
borer  by  Harris,  in  the  third  edition  of 
whose  trejitise  the  beetle  is  well  fijjored. 
In  18G0,  Dr.  Fitch  gave  an  excellent  acconnt 
of  the  habits  and  brief  description  of  tbe 
larva  and  pupa  and  adult  in  his  Fonrtk 
Report  on  the  Noxious  Insects  of  >Vv 
York.    The  following  description  of  tbe 

larva  and  pnpais 
based  on  speci- 
mens obtained  ^ 
Brunswick,  Me., 
and  compared  with 
some  received  fro* 
Mr.  F.  C.  Bow. 
ditch,  who  pub- 
lished in  the  AIDS' 
ican  Naturalist, 
August,  1873  (ni, 
I).  498).  an  account 

of  the  habits  ^^ 
transformations. 

He  sent  me  a  block 
of  pine  wood  split 
off",  containinfT  ^^ 
terminal  portionof 
the    cell,    stafled 


tnl  view  of  papa,  natural  aize.  rCSUlarlv*      lu  tb6 

museum  of  the  Peabody  Academy  of  Science,  at  Salem,  is  a  piece  of 
planed  plank,  which  had  been  sawn  so  as  to  uncover  part  of  the  hole, 
with  the  beetle  within,  as  seen  in  Fig.  8.    Fitch  states  that  this  aud 
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Maw>hawoiu9  scuteUatui  and  marmoratu9  are  the  most  commoii  and  per* 
Dicioas  borers  which  occur  in  the  pine  timber  of  Sew  York.  *^On  a 
ttill  summers  night  the  peculiar  grating  or  cmnching  noise  which  the 
larvflB  make  in  gnawing  the  wood  may  be  distinctly  heard  at  a  distance 
of  eicrht  or  t^^n  rods.  That  the  insect  does  not  open  a  passage  out  of  the 
irood,  whereby  to  make  its  exit,  antil  it  attains  its  |>erfect  state,  I  infer 
from  the  fact  that  several  of  thiese  beetles  gnawed  their  way  ont  of  one 
it  the  pillars  of  the  portico  of  a  newly-built  house  in  my  neighborhood 
tome  years  since,  the  noise  being  heard  several  days  before  they  emerged. 
Mid  while  they  were  still  at  some  distance  in  the  interior  of  the  wood.'* 
Mr.  Bowditch  found,  June  0,  at  Brookline^  Mass.,  this  species  in  Pinm 
Kt^M,  the  yellow  pine,  in  which  were  several  holes  about  the  size  ot  a 
peneil.  ^'  On  removing  the  bark  I  found  an  adult  insect  already  flree 
ind  the  heads  of  several  others  appearing  through  the  wood.  On  further 
lurestigation  during  the  next  few  weeks  I  obtained  from  the  tree  no 
leBs  than  eighty  of  these  beetles  in  all  stages  of  development,  which, 
bonsidering  the  size  of  the  tree,  was  a  large  number.  I  observed  that 
Hie  largest  beetles  were  near  the  foot  of  the  tree>  •  •  •  After  re* 
baiuing  in  the  pupa  state  during  a  space  of  time  which  varies  according 
Id  circumstances,  it  is  transformed  to  a  beetle,  and  after  a  short  time 

Kaws  its  way  out,  appearing  from  the  Urst  of  June  to  the  middle  of 
ily.'^ 

I  have  found  numbers,  at  least  twenty,  of  these  larvas  under  the  bark 
rftbe  white  pine  (Pinus  strobus)  at  Brunswick,  Me.,  in  the  early  part  of 
fane,  bnt  no  pupse  or  beetles,  chough  most  of  the  larvae  were  fully  grown. 
Some  were  one-half  an  inch  long,  and  had,  without  much  doubt,  hatched 
kom  eggs  laid  in  the  preceding  June  or  July,  so  that  the  larvo)  must 
Ve  nearly  two  years  before  transforming.  My  attention  was  called  to 
eir  presence  in  the  tree  by  the  creaking  made  by  the  larvee,  the  noise 
iDg  heard  a  rod  from  the  tree.  Some  of  the  larvse  were  molting.  In 
is  process  the  entire  head  of  the  tegument  about  to  be  cast  is  pushed 
anteriorly,  while  the  thin  skin  of  the  rest  of  the  body  peels  oft'  flrom 
e  prothorax  backwards. 
;  Mr.  A.  O.  Goodell,  of  Salem,  Mass.,  presented  the  museum  of  the  Pea- 
My  Academy  with  an  adult  of  this  species  which  came  from  a  pine 
Nireau  about  the  year  1875.  The  bureau  had  been  in  the  house  for 
Ubont  fifteen  years  previous,  being  newly  made  when  purchased.  The 
punily  had  heard  the  creaking  noise  for  some  time  before  the  insect  ap- 

EAred ;  and,  after  inquiring  into  the  circumstances,  I  have  no  doubt 
t  that  the  insect  had  lived  in  the  bureau  for  fully  fifteen  years. 
I  This  longevity  is  probably  due  to  the  fact  that  the  insect  had  not 
h)opled,  it  being  well  known  that  continence  in  insects  leads  to  the  pro- 
longation of  life  far  beyond  their  natural  term  of  existence.  Further 
mervations  and  experiments  on  this  point  are  greatly  nee<led. 

Apropos  of  this  interesting  subject  I  quote  the  following  observations 
tf Dr.  Fitch:* 

"  The  wood  of  the  apple-tree  was  formerly  highly  valued  for  cabinet- 
jrork  in  this  country.  In  1786,  a  son  of  General  Israel  Putnam,  residing 
^  Williamstown,  Mass.,  had  a  table  made  from  one  of  his  apide-trees. 
ny  years  afterward  the  gnawing  of  an  insect  was  heard  in  one  of  the 
ves  of  this  table,  which  noise  continued  for  a  year  or  two  when  a  large 
g-horaed  beetle  made  its  exit  therefrom.  Subsequently  the  same 
ioise  was  heard  again,  and  another  insect,  and  afterward  a  third,  all  of 
|he  same  kind,  issued  from  this  table-leaf;  the  first  one  coming  out 

^— —  II  , ^^^^^ 

I  *  Third  Repoit  on  the  Insects  of  New  York.    By  Asa  Fitch.    Trans.  N.  Y.  Agric.  Sue., 
066,  p.  3^. 
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twenty  and  the  last  tweoty-eight  years  after  the  trunk  was  eot  down. 
Tbese  facts  are  stated  more  fully  in  the  History  of  the  County  of  Beifc- 
shire,  published  nt  Pittsfield  in  1829,  p.  39.  This,  I  believe,  is  the  longest 
period  of  an  insect  remaining  alive  in  timber  of  which  we  haveaiij 
record,  and  it  is  desirable  to  ascertain,  if  possible,  what  insect  this  vmi 
John  J.  Putnam,  e^q.,  of  White  Creek,  N.  Y.,  was  a  young  man  residiDg 
at  his  father's  when  tbese  remarkable  incidents  occurred.  On  shovinf 
to  him  specimens  of  all  the  larger  long-homed  beetles  of  this  vicinilj, 
he  points  to  Cerasphortis  balteatua  as  being  the  same  insect,  according  to 
the  best  of  his  recollection,  but  is  not  certain  but  it  might  have  been  tlM 
Callidium  agre%teP 

'^This  testimony,  in  connection  with  what  President  Fitch,  of  Williimi 
College,  says  of  the  insect  in  the  notice  above  referred  to — ^  Its  color 
dark  glistening  brown,  with  tints  of  yellow' — ^releases  us  from  all  donto 
upon  this  subject,  as  the  agreste  is  of  a  uniform  brown,  whilst  theM- 
teatus  commonly  presents  traces,  more  or  less  distinct,  of  an  obliqoi 
yellowish  spot  or  band  near  the  middle  of  the  wing-covers." 

Larva :  Body  soft,  white,  long,  nearly  cylindrical,  being  but  sligbtlf 
fattened,  entirely  footless,  all  the  abdominal  segments  of  the  saoM 
width,  except  the  minute  small  one.  From  the  first  abdominal  (or  fonrtk 
from  the  head),  the  body  increases  in  width,  being  widest  on  the  pro- 
thoracic  segment  (or  the  one  next  to  the  head).  This  segment  is  tran» 
Tersely  oblong,  being  as  wide  in  Iront  as  behind;  it  is  a  little  more  than 
twice  as  wide  as  long.  The  head  is  large  and  square,  not  narrowing  in 
front,  but  »s  wide  anteriorly  as  posteriorly.  When  the  he4id  is  forciWj 
pulled  out  it  is  found  to  be  as  long  as  broad }  anterior  one^fourth  d 
head  deep  mahogany  red,  becoming  blackish  on  the  edge.  Clypeos 
very  short  and  broad,  about  four  times  as  broad  as  long.  Labrnm  rather 
wide,  not  much  contracted  at  base,  rounded  in  front,  with  very  stoat 
bristles  on  the  margin.  Mandibles  gouge-like,  the  end  oblique,  hollowed 
out,  with  the  outer  edge  produced  into  a  point.  Antennae  very  miunte^ 
three-jointed,  the  second  and  third  joints  about  as  long  as  the  basal 
The  mnxillse  form  a  basal  joint  throwing  ofif  a  three  jointed  palpos,aDd 
an  inner  lobe  armed  with  stifif  bristles  reaching  to  the  end  of  the  second 
joint  of  the  palpus.  The  two-jointed  labial  palpi  reach  to  as  far  as  tbe 
middle  of  the  brush-like  lobe  of  the  maxillaB;  the  second  joint  is  aboot 
as  long,  but  half  as  wide  as  the  basal.  The  middle  of  each  segment-, 
especially  tbe  third  to  the  seventh  above  and  below,  with  a  traosrersa 
callous  spot.  The  upper  side  of  the  first  abdominal  segment  has  a  ^ 
narrow  oblong  square  area  impressed  upon  it.  The  callous  spot  is  besi 
marked  on  the  fitth  segment,  consisting  of  an  area  about  one-third  tf 
long  as  broad,  with  a  square  shallow  sinus  posteriorly,  and  with  tbesides 
projected  inwards;  it  consists  of  two  series  of  callous  spots,  tbeoottf 
forming  the  limits  of  the  area  as  above  described,  and  the  inner  seriei 
forming  a  simple  transverse  narrow  lanceolate  oval  spot  The  callotf 
spot  on  the  under  side  has  a  sinus  in  front,  but  slightly  rounded  be- 
hind. The  one  on  the  seventh  segment  (below)  is  but  little  more  thaa 
one-half  as  wide,  with  a  broad  sinus  on  the  hind  edge,  and  with  tbe 
sides  directed  obliquely  inwards.  Terminal  segment  very  small,  balf 
as  wide,  and  one-fourth  as  long  as  penultimate  segment.  Nine  spirsd^ 
first  on  front  edge  of  second  thoracic  (mesothoracic)  segment. 

Length  when  tuUy  grown,  IJ  inches.  This  larva  may  be  known  fto"* 
that  of  Rkagivm  lineatum^  by  its  much  longer,  more  cylindrical  bodji 
and  differs  at  once,  by  the  long  sqnare  head,  that  of  Rhagium  roandiog 
in  front,  by  the  wider  clypeus,  and  proportionately  wider  and  sliorfer 
labrum.    The  palpi  and  autenuse  do  not  differ  much.    The  calloas spots 
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911  the  abdominal  segments  are  smaller  and  otherwise  different  from 
Aoee  in  Bhagiutn. 

Pupa :  The  pupa  is  far  advanced,  being  nearly  ready  to  change  to  a 
beetle,  the  body  becoming  dasky  and  horn-colored,  while  the  character- 
Mac  dark  spots  have  already  appeared  on  the  wing-covers.  The  an- 
tenna are  coiled  np  three  and  a  half  times  at  the  end  between  the  fore 
Mid  middle  pair  of  legs,  and  the  genns  may  be  recognized  by  their  great 
hogth,  and  the  deep  excavation  in  the  head  between  them,  as  well  as 
by  the  lateral  short  spine  on  the  prothorax. 

The  wing-covers  in  my  single  specimen  reach  to  the  third  abdominal 
segment  and  are  pressed  obliquely  to  the  side  of  the  body.  The  salient 
{K>rtion8  of  the  upper  side  of  the  abdominal  rings  with  fine  spines.  End 
»f  the  body  sinuate. 

In  the  absence  of  another  pupa  of  this  genus  for  comparison,  addi- 
tional characteristics  cannot  now  be  given.  Length,  three-quarters  of 
an  inch. 

Thb  Hoen-tail  Bobeb  (Tremex  Columba  Linn.).— This  insect  in  the 
Inrva  state  was  found  by  some  students 
in  the  Massachusetts  Agricultaral  Col- 
lege, at  Amherst,  Mass.,  early  in  Octo- 

^ber,  in  a  tree  on   the   college-grounds,     no.  9_L»nra  of  Tremex  Colnmba,  natural 

With  the  larvsB  were  associated  several  ^^' 

imagoes  which  had  not  left  their  holes,  and  seemed  likely  to  be  destined 
to  pass  the  winter  in  the  tree.  As  the  transformations  of  this  insect 
have  not  been  known  heretofore,  we  add  the  following  description  of 
the  larva. 

Larva:  A  long  white  cylindrical  worm,  with  the  segment  behind  the 
bead  of  the  same  width  as  the  twelfth  segment  from  the  head ;  the 
thirteenth  much  narrower,  regularly  rounded  behind,  with  a  deep  crease 
above,  leading  backwards  and  a  little  downward  to  a  small  sharp  ter- 
mioal  dark-rc^dish  horn.    The  horn  is  acute,  with  three  teeth  above  near 
the  base,  and  two  smaller  ones  on  the  under  side.    Each  of  the  three 
last  rings  bulges  out  on  the  under  side.    The  head  is  white,  and  about 
half  as  wide  as  the  segment  behind,  into  which  it  partially  sinks.    It  is 
loonded,  smooth,  with  the  antennsB  represented  by  small  rounded  tuber- 
cles, ending  in  a  minute  horny  spine;  should  the  spine  be  regarded  as 
indicating  a  joint,  then  the  appendage  is  three-jointed.    The  clypeus  is 
broader  than  the  labrum  by  a  distance  equal  to  its  own  length.    The 
hbnim  is  a  little  more  than  twice  as  broad  as  long,  with  the  front  edge 
slightly  sinuous.    The  large  powerful  mandibles  are  four-toothed  on  one 
side  and  three-toothed  on  the  other.    The  maxilla  are  three-lobed,  the 
lobes  unequal,  ending  in  spines,  the  middle  lobe  with  two  spines,  the 
outer  lobe  much  smaller  than  the  others.    The  labrum  or  under  lip  is 
father  large,  rounded,  with  a  spine  projecting  on  each  side.    The  pro- 
thorax  or  segment  next  behind  the  head  is  twice  as  long  as  the  one  be- 
hind it,  divided  into  two  portions  by  a  suture  behind  it    There  are  three 
pairs  of  small  soft  unjoin  ted  feet,  of  which  the  first  pair  are  considerably 
the  largest ;  they  do  not  project  straight  out  but  are  pressed  to  the  body 
and  directed  backward.    There  are  ten  pairs  of  spiracles,  one  pair  on 
the  hinder  edge  of  prothorax,  twice  as  large  as  the  others ;  the  second 
pair  between  the  second  and  third  rings,  and  the  eight  others  on  thei 
^ight  basal  abdominal  segments. 

Length,  2.25  inches ;  greatest  thickness,  .28  inch. 
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